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CHAPTER 1
INTRODUCTION

Weapons system development and acquisition in the
United States has undergone many different strategies through-
out the years, but it wasn't until David Packard became Deputy
Secretary of Defense that what might be called a balanced
approach involving the Office of the Secretary of Defense
(0SD) and the individual services evolved for weapons system
development and procurement (20:4), The Packard legacy in-
volves services' control of individual systems development,
while OSD maintains overall control by reviewing and control-
ling further developments of individual weapons systems at
specific phase points.

Another legacy of the Packard era is the increased
use of hardware prototyping in weapons system development.
Prototyping fell into disuse during the McNamara years in favor
of total package procurement (TPP), wherein engineering studies
and systems analyses were used to evaluate weapons system pro-
posals and to award production contracts based on these paper
studies. The TPP concept has evolved in an effort to reduce
the costs and time for development of new weapons systems as
a result of the rapidly escalating costs associated with these
systems. It was thought that this "would allow the government
greater cost control during all phases with a minimum of
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government examination of the contractor's cost data [20:3]."

The Packard philosophy of a return to prototyping
overturned the TPP concept in favor of hardware prototyping
so that actual hardware could be evaluated. Prototyping
offered several advantages over TPP, including "providing a
hedge against strategic uncertainty, . . a hedge against tech-
nological uncertainty, . . and a hedge against cost uncer-
tainty [16:15-16].'" In the words of former Secretary of the
Air Force, John L. Mclucas:

Although prototypes are costly, looking back at
previous programs one can see instances where the total
cost could have been less had prototypes been used.
Essentially, a prototype is insurance. It insures us
that our ideas will work, and that we will not be
forced to make major changes late in the development
or during production when costs for changes are high,
Prototyping is investment in knowledge, We believe
that the cost of acquiring that knowledge is frequently
more than offset by the consequent reduction of later
risks [16:17].

Still another advantage of prototyping is that com-
petition can be maintained for longer periods in the acquisi-
tion cycle, which encourages higher quality products. Addi-
tionally, there is a much better data base for a development
decision if the design approaches are translated into hardware
(8:32).

Despite these advantages, there are some disadvantages
attributed to using prototype development, the same disadvan-
tages that lead to the introduction of the TPP strategy for
systems acquisitions. These disadvantages can be consolidated
into two main areas: increased cost and a longer development
time. But a 1963 Rand report found no statistical support

2
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that development programs involving large initial commitments
cost less than prototype programs, nor was there statistical
support for the claim that prototyping increased development
time (12:v). The conclusions found in the 1963 Rand report
were further confirmed with a 1980 Rand report that reexamined
the same problem (20).

The changes in acquisition management fostered by
Mr. Packard were incorporated into DoD Directive 5000.1, Major
System Acquisitions, which was first issued in 1971. 1In 1976,
the Office of Federal Procurement Policy issued Circular A-109,
establishing a federal policy for acquisition. (Circular A 109
is now issued by OMB.) <Circular A-109 requires that:

Development of a single system design concept that

has not been competitively selected should be considered
only if justified by factors such as urgency of need or
by the physical and financial impracticality of demon-
strating alternatives [27:10].

This requirement for competition stipulated by Cir-
cular A-109 has been fully recognized in a revised DoD Direc-
tive 5000.1.

But while the framework for weapons systems acquisi-
tions has now been standardized, considerable latitude is given
in how particular programs are managed. It can be safety stated
that no two system acquisition programs are alike (8:6), and
that change is the only constant in a system development.

These changes occur both philosophically, such as in the acqui-
sition strategies to be used, and technologically, such as
when new requirements or processes for manufacture emerge.

As regards the philosophical changes:

3
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Constant changes in acquisition strategy have been
made in an attempt to eliminate the problems of a pre-
vious strategy; e.g., fly-before-buy, total package
procurement, two-step procurement, and life cycle cost/
design to cost have all been used over the past 20
years as acquisition strategies. . . [13:3].

Technological changes, as used herein, refer not only
to hardward changes, but also to factors that influence these
hardware changes for a given weapons system. Although the
following quote may be somewhat exaggerated, it does illus-
trate the pervasive nature of technological change in a weapons
system development.

. . . the operational requirements for defense systems
may change one or more times a year. After each change,
Government and industry managers must prepare new plans,
new schedules, and new budgets. This process occurs
repeatedly during the validation stage of an acquisition
program and throughout the remainder of the life of the
program [10:106].

The dynamic, continually changing environment of major
systems acquisitions also impacts on support functions that
imust concurrently develop, acquire, and deploy support equip-
ment and facilities required by the weapons system. In the
area of facilities support, for instance, changes concerning
weapons system acquisition strategies can affect facility
development schedules and acquisition timetables. Technical
changes, on the other hand, can alter facility designs or con-
struction methods, and also impact on schedules and integra-
tion requirements.

When a competitive prototyping acquisition strategy
is employed for a weapons system, additional problems of safe-

guarding contractor sensitive information in a manner so as
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to not '"favor one of the contractors and to avoid technical
transfusion between competing proposals [2:185]" must also
be sol.zd. Additionally, initial designs and development
work for facilities and support equipment may have to be
duplicated until the competitive prototype phase is complete
and a final choice is made about further development of a
single system.

The resolution of problems created by such a dynamic
philosophical and technical environment is further exacer-
bated by the different developmental tracks that weapons
systems hardware and facilities follow. The weapons system,
for instance, is managed by a single program manager (PM)
and the system program office (SPO) to establish a single
point of contact for all engineering, financial, and mana-
gerial direction required by the weapons system contractor.
Also, all funding is obtained through the annual military
appropriations bills in the categories of research and
development and procurement.

The facilities acquisition process, on the other hand,
is initiated by the base at which the facility is to be built,
can be designed by in-service or contract personnel, can be
managed during construction by the Air Force, the Army Corps
of Engineers, or the Navy Facilities Engineering Command
(depending on the location and urgency), is financially ad-
ministered by an Air Force Regional Civil Engineer (AFRCE),
is built by a local area building contractor, and accepted

by the host base civil engineering organization, the AFRCE,
5
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and the MAJCOM. Funding for facilities support is obtained
through the Military Construction Appropriation from Con-
gress, which is a separate appropriation and follows a
slightly different budget cycle than other general fund

appropriations (26:66).

Statement of Problem

In order to achieve a common initial operational
capability (IOC) date, all of the aforementioned problems
must be dealt with and solved for the concurrent development
and acquisition of both the weapons system hardware and the
support facilities. But the interface points between the
weapons system acquisition process and the facilities acqui-
sition process do not seem to be well understood by all
affected parties, nor is their impact on system timetables
and schedules fully determined.

This research effort, then, will explore the inter-
face points between the weapons system acquisition process
and the facilities acquisition process, when both develop-
mental processes have the same I0C constraint at the first
base to operationally deploy the new weapons system and the
weapons system is acquired under the competitive flyoff
strategy.

While it is impossible to adequately address every
facet of the management problems inherent in the acquisition
of facilities to support new weapons system beddowns, the
intent of this study is to test the hypothesis that the

6
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procedural requirements of the formal military construction
program (MCP) are not responsive to time constraints neces-
sary for the acquisition of new or remodeled facilities re-
quired to support the initial beddown of new weapons systems
acquired under the fly-before-buy/competitive flyoff strategy.
A definitive acceptance of this hypothesis could lead
to different procedures for developing and acquiring support
facilities for new weapons system beddowns, and can more
accurately focus management attention on those particular

areas where procedural changes would be most effective.

Research Objectives

In order to test the hypothesis stated above, the
primary objective of this research is to develop a PERT/time
network for the integrated weapons system/facilities acqui-
sition process, determine the critical path activities and
duration for this integrated network, and examine the influ-
ence of integrating activities within the integrated network.
This primary objective will be achieved by accomplishing
the following subobjectives:

1. Provide a broad overview of the facilities acqui-
sition process and the weapons system acquisition process,
with special attention given the competitive flyoff acquisi-
tion strategy, so as to establish a common information base-
line for all subsequent analysis. Additionally, providing
such an overview will provide integrating information for
readers who are not familiar with the weapons system

7




acquisition process of the facilities acquisition process;

2. Develop a PERT network diagram for the facilities
acquisition process, and a probability distribution for the
duration of the facilities acquisition process from the PERT
network;

3. Develop a probability distribution for the
weapons svstem acquisition process;

A Develop a PERT network diagram for the weapons
systew acquisition process, and use it as the model for com-
petitive flyoff weapons system acquisition procedures;

S. Determine the critical path for each network
diagram developed in subobjectives 2 and 4 above, and per-

form some comparative analyses between the two networks.

Justification

The use of network analysis in the evaluation of this
research hypothesis has a number of significant analytical
advantages. First, network analysis can tell the whole story
by showing all critical relationships between different
activities (14:136). A prime consideration in this research
effort is that network analysis also increases awareness of
the problems involved, and their relative importance in the
overall operation (5:1). Finally, network analysis offers
flexibility in the level of aggregation used in developing
the network, with different levels of summarization avail-
able for different levels of management. Aggregate networks
help to eliminate the parochial viewpoint that each department

8
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or agency has in its own view of the project and their
particular place in it (14:137-138).

Network analysis based on completion of the pre-
viously noted subobjectives offers an opportunity to identify
critical interrelationships and allow better planning and

enhanced control in future developments.

Scope/Limitations

The competitive flyoff acquisition strategy will be
the only acquisition strategy studied because of time con-
straints on the study. Because only one strategy can be
studied, the competitive flyoff strategy has three proper-
ties which make it especially worthy of analysis. The first
of these properties concerns the dual development that
characterizes the initial stages of this weapons system
acquisition strategy. This dual system development requires
some redundancy in systems support, such as when different
facilities requirements must be planned for both weapons
systems in the competition. The second property concerns
the safeguarding of competition sensitive information during
the initial stages of the acquisition process, so as to not
give one contractor any kind of unfair advantages over an-
other. The third and final property relates to the differ-
ent schedule milestones that are encountered in a competitive
strategy. This reflects the fact that different weapons
systems under consideration in a competitive strategy will
not have the same schedule milestones for deployment, due to

9




manufacturing and design differences, as well as such factors
as leadtime requirements for major components and other sup-
plier constraints.

These three properties distinguish the competitive
flyoff strategy from other acquisition strategies so much so
that an analysis of facilities support for the competitive
flyoff strategy may not be precisely relevant for any other
weapons system acquisition strategy. But these same con-
straints could be especially demanding of facilities support
efforts and, therefore, warrant initial attention.

The A-10 weapons system will be used as the model
for the weapons system acquisition process because it was
the first system since the TPP era to be fully developed and
procured under the competitive flyoff strategy. Also, the
A-10 system development appears to be representative of devel-
opment using the competitive flyoff strategy for all weapons
systems, and development data is readily available for
analysis.

The facility acquisition process analysis will be
based on the construction of a single facility that costs
approximately $5 million and is funded through the MCP. Basing
the analysis on a single facjility still allows for concurrent
development of other facilities that may be required to meet
an I0C, but does not overly complicate the network with mul-
tiple parallel development plans for each facility being
acquired under the same MCP funding appropriation. It should
be noted that the facility being assumed for acquisition in

10
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this study does not imply that that kind of facility, or
facilities of the same general characteristics, are required
to beddown new weapons systems. Many weapons systems beddowns
require no MCP-funded facility construction, and some require
even more than is assumed to be required here.

Also, the facility studied in the network will be
assumed to be a high priority project with the Army Corps of
Engineers serving as the design and construction agent. Other
general assumptions are that: 1) the facility development
will require an environmental assessment, but with a finding
of no significant impact (FONSI); 2) the major command who
will operate the weapons system at the beddown base also has
the responsibility for the base; and 3) the major command will
be designated to serve as the AFRCE, rather than one of the
three regional AFRCEs under Headquarters, USAF. From the
discussion with Mr. George Taylor, Chief of Systems Facili-
ties Branch, Aeronautical Systems Division Civil Engineering,
these conditions present reasonable and not atypical construc-
tion program characteristics for a new weapons system beddown
(23).

Finally, another basic assumption is that the facility
must be fully operatiomal before the IOC can be considered
complete. This necessarily precludes operational use of the

weapons system until the facility is fully operational.

11
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CHAPTER 2
THE ACQUISITION PROCESSES

Before a full understanding of the integrated
weapons system acquisition process/facilities acquisition
process can be obtained, it is first necessary to establish
a common baseline of information for comparison and analysis.
This chapter will offer a brief overview of the weapons sys-
tem acquisition process and the facilities acquisition pro-
cess. Because of the complexity of each of these acquisition
processes, only the most important elements of each will be
presented here, with the intent being to capture those ele-
ments of each acquisition that are common to all applications
of such an acquisition.

This broad overview is intended to provide the base-
line of information for the more detailed analysis that is
the focus of this research effort, and it is also intended
to give the reader a more complete understanding concerning
the whole acquisition process, Additionally, it will help
put the more detailed PERT networks in perspective and,
hopefully, make them easier to understand and interpret. The
overview presented is intended to be descriptive rather than
normative, so as to enhance understanding as much as possible
and yet not be prescriptive regarding any particular acquisi-
tion strategy or methodology.

12




The weapons system acquisition process will be des-
cribed first, since it is preeminent over and encompasses
the facilities acquisition process in the development and

deployment of a weapons system.

The Weapons System Acquisition Process

The weapons system acquisition (WSA) process for major
weapons systems consists of five phases, with three major
decision points, The five phases are the conceptual phase,
the validation phase, the full-scale development phase, the
production phase, and, finally, the deployment phase. The
three major decision points are called Milestones I, II, and
111, and require approval from the Secretary of Defense
(SECDEF) before the WSA for that particular system can proceed.

Even before the conceptual phase begins, however, an
operational need must exist to justify the development of a
new weapons system,

The Air Force looks to the major commands to continu-
ously analyze their mission capabilities and identify
operational needs. Operational needs may result from

a projected deficiency or obsolescence in existing
systems, a technological opportunity, or an opportunity
to reduce cost [8:11].

A Statement of Operational Need (SON) is developed
for those operational needs that cannot be satisfied with
existing capabilities, and that will likely lead to a new
system development. Validation of the SON by the appropriate

authority constitutes the Milestone 0/Program Initiation

decision and commencement of the conceptual phase. For major
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systems, an additional document, the Mission Element Need
Statement (MENS) is prepared and used to communicate the need
to the SECDEF before the Milestone 0/Program Initiation

Decision.

Following SECDEF approval of the MENS, HQ USAF pro-
vides formal direction to the implementing and
participating commands by using a Program Manage-
ment Directive (PMD). The PMD is used during the
entire acquisition life cycle to state requirements
and request studies as well as initiate, approve,
transfer, modify or terminate programs [8:18].

The Conceptual Phase

The conceptual phase is highly iterative, but can be
categorized into three sections: identification, analysis,
and approach preparation.

The identification section is concerned witn identi-
fying alternative means of satisfying the 3tatement of Need.
Industrial contractors, government laboratories, and educa-
tional institutions can all be involved in the identification
of alternatives to meet the mission need. Active participa-
tion by the operational command is also required during the
identification of alternatives effort to insure system
alternatives properly reflect user needs and preferences.

Rigorous analysis is performed on all of the proposed
alternative selutions to determine the feasibility and the
risks involved in the proposals. Theoretical cost estimates
are developed, as well as many tradeoff studies, and some
"breadboard”" studies may also be performed to support asser-

tions or proposals (17:2).
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The approach preparation section of the conceptual
phase concerns the formulation of the management team and
the generation of the management program to be used for
further development of the system. During the conceptual
phase, the program manager is designated, along with the
charter stating his responsibility, authority, and accounta-
bility (8:19). A functional baseline for the weapons system
is established by the newly-formed program office during
this phase that includes broad system performance objectives,
an operational concept, a logistics concept, and cost esti-
mates (3:2-8).

Another major product of this phase is the Program
Management Plan (PMf). This includes initial development of
the Statement of Work (SOW) and Request for Proposal (RFP),
as well as specifying the basic management approach to be
used in any further phases of the program. The PMP also
specifies aspects of program office/contractor relationships,
the types of management reports to be generated, the Program
Cost Schedule Control System (PCSCS), the master program
schedule, the targeted I0C date, and other managerial control
information (3:2-9).

The findings and recommendations generated during the
analysis period of the conceptual phase are consolidated into
a decision coordinating paper (DCP) that is presented for
DSARC I review and subsequent DSARC recommendations concern-
ing program continuation. The DSARC recommendations are
presented to the SECDEF for his approval. The SECDEF-approved
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DCP constitutes the program continuation decision and

Milestone 1I.

The Validation Phase

The SECDEF's approval at Milestone I is communicated
to the system program office (SPO) through a revised PMD,
which initiates the validation phase of the system acquisi-
tion process. The objectives of the validation phase are to
determine whether to proceed with full-scale development for
the system, and to establish firm and realistic performance
specifications which meet the operational and support re-
quirements (3:3-5). The thrust of the effort to meet these
objectives is to reduce the technical risk and economic un-
certainty through a more detailed definition of the new
system.

The validation phase is typically accomplished pre-
dominantly by defense contractors under SPO direction in one
of three ways: 1) design definition paper studies, 2) hard-
ware prototyping, or 3) some combination of both (17:2).

Design definition is an approach to validation wherein
two or more defense contractors, under the SPO's direction,
use system studies and detailed engineering analysis to de-
fine the proposed system. The resultant products, using this
strategy, are detailed system specifications, performance
specifications, initial hardware configuration specifications,
refined cost estimates, and schedule projections. This de-

tailed paperwork is then used by a source selection board to
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evaluate the proposals and detailed studies and select the
best proposed system for further development (17:2-3).

In the hardware prototyping strategy, actual system
hardware is fabricated and evaluated in a competitive flyoff.
For a flying system such as a new fighter aircraft, this in-
volves building and flying a testbed system. It is important
to understand that this approach is concerned with 'the
fabrication of a system resembling the operational system
only to the extent that performance objectives can be vali-
dated [1:55]." The data gathered from the competitive
flyoff constitute part of what is presented to a source
selection board for evaluation and selection of the best
system for further development.

While the hardware prototyping strategy has achieved
its greatest notoriety from whole system competitive flyoffs,
it is also used extensively for subsystem development, test,
and evaluation. Avionics, armaments, propulsion systems,
and almost all other subsystems can be competitively tested.
In very large system acquisitions, where a total system com-
petitive flyoff is cost prohibitive, subsystem hardware
"competitive flyoffs" can and have been successfully employed.

A corollary effort to the hardware fabrication and
testing effort in the competitive flyoff strategy is the
development of contractor, full-scale development program
management plans. These plans are structured so they can be
implemented contractually for full-scale development. These
plans must specifically answer questions concerning system
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producibility, management ability, and other system specific
information (3:3-8).

Near the end of the validation phase, the source
selection authority will select that system that is recom-
mended for further development in the full-scale development
phase of the WSA process. Also in the validation phase, the
SPO develops the RFP for the full-scale development phase.

The SPO also generates an updated DCP at the end of
the validation phase that is forwarded through the DSARC pro-
cess for DSARC II and subsequent SECDEF approval. SECDEF
approval of the updated DCP constitutes Milestone II, or the
Ratification Decision, and the commencement of the full-scale
development phase (3:3-11).

Approval to proceed into the full-scale development
phase is based on assurance that:

(1) System tradeoffs have produced a balanced and

realistic set of performance parameters.

{2) Risk areas have been identified and reduced

to acceptable levels.

(3) Cost/schedule estimates for full-scale

development are acceptable.

(4) Contractual aspects are sound (terms and con-

ditions are appropriate to risk, and funding related
to milestones) [3:3-11].

The Full-Scale Development Phase

The full-scale development phase follows the valida-
tion phase, with the objective of this phase being the fabri-
cation and testing of pre-production prototypes. To accomplish
this objective, the system design is finalized with comprehen-

sive and complete design reviews, and engineering drawings
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are prepared. It is also during this phase that the critical
design review is held, which is the "last chance to comment
on the developing design before commitment to accept the de-
sign [8:35]."

A major effort during this phase is development, test,
and evaluation (DT&E). The DTGE purpose is to:

- Demonstrate that engineering design and development
are complete,

- [Demonstrate that] design risks have been minimized,

- Demonstrate that the system or equipment meet
specifications, and,

- Verify that proposed design changes do not degrade
overall system performance [8:37].

Another type of testing conducted during the full-
scale development phase is initial operational test and
evaluation (IOT§E). The objectives of IOTGE are to:

- Estimate military utility, operational effective-
ness and suitability;

- Provide feedback prior to key milestone decisions;

- Demonstrate that the system can be supported
logistically in a deployment status;

- Identify new uses for the system; and

- Reshape tactics [8:39].

The IOT&E is an operational assessment of a system
where the whole system is evaluated against operational cri-
teria. IOT&E is the complete system-testing conducted
before a production decision, while complete system-testing
after a production decision is called follow-on operational
test and evaluation (FOT§E).

It is important to note that the prototype fabricated
during the validation phase for a competitive prototyping
strategy is different from the pre-production prototypes
fabricated during the full-scale development phase. The

19




prototypes fabricated during the full-scale development phase
are ''more representative of the operational system than was
the validation phase prototype, which emphasized performance
characteristics [17:3]."

During the full-scale development phase, detailed
logistics support planning, deployment planning, and train-
ing plans are formulated to support the production decision
and the production phase. Extensive production planning and
some limited expenditure on production may also occur during
this phase (3:4-6).

After sufficient testing and developmental planning,
a revised and updated DCP is prepared and submitted to the
Secretary of the Air Force for review. The DCP then proceeds
through DSARC III for approval and is then forwarded to the
SECDEF for his approval. His approval constitutes the pro-
duction decision and the initiation of the production phase

and Milestone III,

The Production Phase

The fourth phase of the weapons system acquisition
process is the production phase. During this phase, the
system enters into production in two distinct periods. In
the first period, initial tooling and production is accom-
plished to bring the system production to the planned peak
rate. The second period is concerned with follow-on pro-
duction after the peak rate is achieved (3:5-1).

Sometime during this phase, program management
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responsibility transfer (PMRT) is also accomplished. PMRT

is the formal act of termination of the implementing command's
program management responsibility and the transfer of that
responsibility to the Air Force Logistics Command (AFLC)
(3:5-6).

One of the main management functions during the pro-
duction phase is the physical configuration audit (PCA).
During this audit, the detailed specifications are compared
with the production hardware and all acceptance tests are

verified to be complete.

The Deployment Phase

Immediately following the production phase, and most
often concurrent with it, the deployment phase covers the
introduction of the new system into the field for operational
use. In this stage all support facilities and equipment must
be fully developed and ready for use. This includes activa-
tion and operation of depot support for the system, as well
as all required support at operational bases.

Congressional review and funding of the WSA is accom-
plished during all five phases of the WSA process. SECDEF
decisions at Milestones 0, I, II, and III must subsequently
be included in the Five Year Defense Plan (FYDP) at the next
Program Objectives Memorandum (POM) submission (8:18). This
insures Congressional review and Congressional control of
each specific weapons system acquisition program's funding

and schedule.
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The Facilities Acquisition Process

The facilities acquisition process often acts in
support of the weapons system acquisition process to provide
new or modified facilities to support the weapons system
operation, but the facilities acquisition process also acts
independently to provide support facilities not associated
with any particular weapons system. Despite the reason for
the facility, or how the requirement for the facility is
generated, all facility acquisitions follow essentially the
same process. Those construction projects with a funded cost
of less than $500,000 do not require submittal through the
military construction program (MCP), while those projects with
a funded cost over $500,000 do require submittal through the
MCP (25:2-8). This review of the facilities acquisition pro-
cess will only cover the formal MCP process.

There are essentially four phases to the facilities
acquisition process under the MCP. They are: 1) require-
ments identification and justification, 2) programming and

funding, 3) design, and 4) construction.

The Requirements Phase

The requirement for a new facility may come from many
sources. It may be generated as a result of a mission change
for the base wherein existing facilities cannot adequately
support the new mission. In these situations, the require-
ment for new facilities originates with an agency or office
not located on the host base. This is the type of requirement
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of concern in this research. For a new weapons system bed-
down, for instance, the facility requirements to support the
new weapons system are generated by the weapons system prime
contractor, who then forwards them to the host base civil
engineering organization and, concurrently, to the civil
engineering organization advising the SPO. The host base
civil engineering organization, in conjunction with the civil
engineering organization advising the SPO, then determines
which existing facilities are adequate to support the new
mission, which facilities will have to be modified, and what
new facilities will have to be built.

New facility requirements may also be generated by
deficiencies in support of already existing base missions.
Requirements of this type reqiire strong justification by the
user to fully document the deficiency and its impact on the
user's mission.

Another means of identifying new facility require-
ments is when existing facilities must be replaced due to
structural unsoundness, catastrophic damage, or because of
hazards to health and safety. This type of requirement also
includes replacing facilities that have deteriorated to the
point they are not economical to maintain or operate. Exten-
sive user participation in the justification is also required
for this type of requirement identification to support the

action proposed (25:3-1).
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The Programming Phase

No matter how the requirement for a new facility is

generated, the programming phase begins with the host base

civil engineering organization. The host base civil engineer-

ing organization prepares an annual MCP submittal package
(DD Form 1391, Military Construction Project Data) as speci-
fied in AFR 86-1, Programming Civil Engineer Resources,
and in the MCP submittal guidance. This submittal package
includes essential project information to support review re-
quirements at higher command levels.

The initial DD Form 1391 package is submitted to the

major command (MAJCOM) when the MAJCOM relays the MCP call

message from HQ USAF to the bases for the annual MCP submittal.

The MAJCOM reviews the base submittal for accuracy and com-
pleteness, and forwards the MAJCOM-supported program to HQ
USAF by the date specified in the call notice, N
HQ USAF reviews the submittals from the MAJCOMs and
selects the projects that will be included in the POM and
forwarded for OSD and Congressional review, approval, and
funding. After HQ USAF has selected the supported program,
design instructions are issued by HQ USAF to the MAJCOM or
the AFRCE designated to be the project manager for those

projects being supported, so that 35 percent design comple-

tion can be accomplished before the MCP program is presented

to Congress.

After the base civil engineering organization has

submitted the initial DD form 1391 package, work begins on
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the full DD Form 1391 package and the project book (PB) for
the projects being supported by the MAJCOM. This more com-
plete documentation includes information essential to the
design and construction of the project. This information is
sent to the MAJCOM when it is requested, where it is reviewed
and forwarded to HQ USAF and to the AFRCE, if the AFRCE is

the design and construction management agency. The PB is
prepared in accordance with instructions contained in AFR 89-1,
Design and Construction Management.

After the PB is received at HQ USAF, the program is
sent to OSD for review, and then it is sent to Congress for
authorization and appropriation. The MCP is sent to Congress
on the 15th of January each year, and Congress then holds
hearings on it, with approval usually occurring in the follow-
ing September. Funding is obtained after the President signs

the bill and apportionment is accomplished.

The Desigp Phase

The design phase begins when HQ USAF issues design
instructions as noted in the previous section. This design
instruction is issued to the AFRCE, or the MAJCOM designated
to function as the AFRCE, who then commences the design with
an in-service design agent or initiates the selection of an
Architecture-Engineering (A-E) firm to perform the design
under contract. The Army Corps of Engineers or‘the Navy
Facilities Engineering Command, as well as the Air Force MAJCOM,

can serve as the in-service design agent. The determination of
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an in-service or contract design is predicated on the type
of project, urgency, and any special design considerations
that may be required (11:12).

The design effort must be at least 35 percent complete
before the project is forwarded to Congress for funding (19:
26) so the design phase occurs concurrently with the latter
elements of the programming and funding phase. The objective
is to have the facility 100 percent designed and construction
contract preparation complete when the MCP bill is signed and
the funding is apportioned.

The design effort involves extensive cooperation,
coordination, and review by all interested and affected par-
ties. This includes the user, the MAJCOM, the AFRCE, the
base and the design agent, and involves extensive reviews
at specific stages of design as specified in AFR 89-1. This
close and detailed involvement in the design stage is intended
to insure a minimum of design changes and maximize effective-

ness for the using organization.

The Construction Phase

The construction phase begins as soon as the invita-
tion for bids (IFB) is prepared and distributed to interested
contractors. After bids are received and the contract awarded,
a pre-construction conference is held to acquaint the contrac-
tor with any constraints that must be met concerning site
access, material storage, and other preliminary information.

The facility is then constructed by the contractor under the
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supervision of the construction agent, which is normally the
same agency that served as the design agent. Continuing in-
spections of the facility during construction are accomplished
by AFRCE representatives, and any deficiencies or corrections
identified through these inspections are reported to the
AFRCE, who then works through the construction agent to effect
corrective action.

After the basic contract is complete, a pre-final
inspection is accomplished, and all known deficiencies are
identified for contractor corrective action. When all correc-
tive action is complete, a final inspection is held, and if
the facility is acceptable, the Air Force assumes responsi-
bility and accountability for the facility from the contractor.

Once the facility transfer is complete, equipment in-
stallation that is not part of the basic contract can commence.
After all necessary equipment is installed and functionally
checked, the facility is made available for user occupancy.

The foregoing reviews of the acquisition process have
been intentionally broad and general in scope. This was done
to provide a common foundation for further analysis. Subse-
quent analysis of each acquisition process for development of
the network diagrams will build on this foundation and supply

more detail for selected parts of the acquisition processes.
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CHAPTER 3
METHODOLOGY

This chapter will discuss and explain the specific
methodology used to acquire the data necessary to develop
the independent facilities acquisition network, the weapons
system acquisition network, and the integrated facility/
weapons system acquisition network.

In order to accomplish subobjectives 2 and 4, as
stated in Chapter 1, two similar but different methodologies
for data acquisition and organization were used. Each dif-
ent methodology will be discussed as it relates to *
accomplishment of either subobjective 2 or suk-
Additionally, a third methodology, related . . 4 uiring des-
scriptions and data concerning the interfaces between the
facilities and weapons system acquisition processes, will be
discussed. Each of these three different investigatory
methodologies was reaquired because of the different ways in
which the pertinent data elements were determined.

Three separate acquisition system models (activity
networks) were also developed and will be discussed. These
three models are: 1) the facility acquisition network model,
2) the weapons system acquisition network model, and 3) the

integrated facility/weapons system acquisition network model.

The facility acquisition network and the weapons system
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acquisition network models were initially developed as
stand-alone models, and they were then integrated into a
single model--the integrated facility/weapons system acqui-
sition network model.

The facility acquisition network data element deter-
mination and the associated model development will be discussed
first. The weapons system acquisition network data element
determination and its associated model development will be
discussed second. Finally, the integration of the two models,
and the determination of the necessary data elements to allow

this integration will be discussed.

Facility Acquisition Network

The facility acquisition network model was derived
primarily from the Facility Item X-amination (FIX) study con-
ducted by the Engineering and Services staff at Air Force
Logistics Command Headquarters in June 1980. The objective
of that study was to develop a comprehensive model network
for the facility acquisition process. To accomplish that
objective, each of the major directorates under the Deputy
Chief of Staff for Engineering and Services was tasked to
prepare comprehensive networks for their functional area as
it related to construction of a major MCP-funded facility.
For instance, the Programs Directorate was tasked to identify
all activities and events concerning project identification
and programming, while the Engineefing and Construction Dir-
ectorate was tasked to identify all events and activities
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related to facility design and construction (24:3).

These separately developed parts were then combined
into a whole, complete network. The combined network had
756 activities identified, which resulted in a very detailed,
but somewhat incomprehensible, facility acquisition network.
The FIX project was never fully debugged or completed, how-
ever, because it was superceded by more urgent studies and
requirements (7).

The data elements from the FIX network were used as
the basis for the facility acquisition network developed for
this study, but with some important changes. The first of
these changes was the combination of many of the activities
into one activity whenever possible. This higher level of
aggregation resulted in a simpler, more easily understood
network, but at the cost of some detail. This aggregation
was necessary, however, because the extreme detail of the
FIX network made it difficult to understand the network as
a whole., There was so much detail that it was difficult to
identify the essential tasks and activities, difficult to
comprehend the total process work and information flow, and
difficult to identify critical decision points in the process.
These essential activities and events were masked by the sheer
volume of information that was presented.

A second reason why the network was aggregated and
condensed was because it was to be used as an input to the
integrated acquisition network, and that network had to be
comprehensible too. Because essentially all activities in
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the facilities acquisition network were to be included in the
integrated network, any excess complexity in the facility
acquisition network would be continued in the integrated net-
work, making it more difficult to analyze and understand.

Consistent with standard PERT practice (4: 5; 6),
three time estimates (optimistic, most likely, and pessimis-
tic) were developed for each activity in the facility acqui-
sition network. These time estimates were derived from time
estimates in the FIX network and by personal interviews with
personnel on the AFLC Engineering and Services staff. Ini-
tial time estimates for the aggregated network were determined
by simply adding corresponding time estimates between events
in the FIX network that defined the aggregated activity. This
method, however, causes a distortion of the probability dis-
tribution for the optimistic and pessimistic time estimates
and could not be considered reliable for these time values.
Such a methodology does not tend to disturb the most likely
time estimate for the aggregated activity, however.

To verify the accuracy of the most likely time esti-
mates as determined from the FIX network, and to more accu-
rately assess the pessimistic and optimistic time estimates,
personal interviews were held with the AFLC Engineering and
Services staff. During these interviews, the staff personnel
were asked for the optimistic, most likely, and pessimistic
times for activities as they appear in the aggregated network.
In all cases, the time estimates for the most likely times
were consistent with the most likely time estimates determined

31

PYRT, N0 - S

SR ve A WY\ oy D 7o A ————



from the FIX network. The time estimates for pessimistic and
optimistic times were used as determined from the interviews
and not from the FIX network summation.

As an example, let Figure la represent the activities
and events in part of the FIX network, and let Figure 1b re-
present the correspronding aggregated activity as in this
study. The initial estimate of the time values for Figure 1b
were obtained by summing the longest path in Figure la, or
Vv, W, X, y, 2 and using the sums as values for aggregated
activity A, as shown.

But since the optimistic and pessimistic time esti-
mates in Figure 1b do not reflect the 1 in 100 chance for
activity completion required for the beta distribution, the
time estimates obtained from the personal interviews were
used. Thus, the time estimates used for this analysis might
turn out to be as shown in Figure 1lc.

The logic of the facility acquisition network model
was verified by having several civil engineering officers
with various experience backgrounds review the model for con-
sistency and completeness. Particular attention was paid to
predecessor/successor event logic relationships in the model
formulation, and these relationships were verified from
elements of the FIX network, from the personal interviews,
and by the civil engineering officer reviews.

The correlated and verified data were then used to
develop the facility acquisition model for this study.
Appendix A contains the data input to the facility acquisition
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Time Estimate Determination

network model. The predecessor and successor event numbers
defining each activity are given, as are the activity des-
cription and the time estimates used. It is important to
note that all time estimates were input in weeks and days
format. The last digit of each time estimate is days, but
all digits preceding the last digit designates the activity
duration in weeks. Thus, a time estimate of 213 means 21
weeks and 3 days, while a time estimate of 105 means 10 weeks
and 5 days. Also included in the appendix is a numerical
designator and description of the events in the facility

network model.
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Weapons System Acquisition Network

The data acquisition procedure for developing the
weapons system acquisition model differed from the facility
acquisition network model development because the A-10
weapons system had been selected as the model baseline and
actual historical data were available and used. In other
words, instead of a theoretical data baseline being used as
in the facility acquisition model, actual dates and time
interval data were available and used in the weapons system
acquisition model development.

Further, only one activity duration time interval was
used with each activity designated in the network, and the
time interval used was the actual time required for accom-
plishment. This approach was used because data were not
available to determine the optimistic, most likely, and pes-
simistic time estimates for each activity, but were available
for the actual time durations that occurred. The problem
with this approach is that the use of only one time estimate
does not allow the development of a beta distribution for
each activity, and thus does not allow the determination of
variance for each activity in the network. The computer pro-
gram used for analysis uses the single, actual activity time
value the same way it uses the expected time value derived
from the beta distribution when three time estimates are given.

The use of actual time data and only one time estimate

is not to imply that there is not a great deal of variance
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within individual activities and within major phases of a
weapons system acquisition process. As was pointed out in
Chapter 1, no two weapons system acquisitions are alike, and
thus different time durations for their development must be
expected.

Figure 2 shows various time estimates for the differ-
ent phases of a weapons system acquisition. The variables
of size of the program, importance of the program, acquisi-
tion strategy used, manpower available, funding, and other
variables will all influence the system development and acqui-
sition times for a given weapons system. The A-10 system
development represents only one case of weapons system acqui-
sition times, and using actual dates can only capture a
"snapshot'" of a dynamic situation.

Even though using the actual A-10 development times
represents only one point on a continuum of possible develop-
ment times, the A-10 system development as a whole is not
inconsistent with the development times for other modern
fighter and attack aircraft weapons systems. Table 1 shows
major milestone dates for all major aircraft weapons systems
since World War II, including prototype developments (desig-
nated by a P) and the A-10 system. The mean time between
development start (FSD) and first flight for all tabulated
fighter and attack aircraft systems, excluding prototypes,
is 24 months, with a range of 9 to 37 months. The A-10 system
took 25 months, a difference of only one month and less than
.1436 (0 = 7.09 months) from the mean value. The mean time
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for months to first delivery from FSD start for fighter and
attack aircraft, again excluding prototypes, is 39.68 months,
with a range of 14 to 68 months. Here the A-10 system took
34 months, a difference of 5.68 months, or .35¢ (o = 15.96
months) from the mean.

The data in Table 1 span three decades, however,
and it may reasonably be asked does this data display any
trends, for instance, is '"'months from FSD to IOC" changing
over time? Rand researchers who developed Table 1 did a re-
gression analysis to test for trends in the time period from
FSD start to first flight (column 3 in Table 1). The regres-
sion analysis yielded a line of nearly zero slope, indicating
no statistical evidence that a trend has developed in the
time from FSD start to first flight over the three decades
encompassed by the data of Table 1, for fighter and attack
aircraft only (20:25).

A similar regression analysis forithe time from FSD
start to first operational delivery was performed by the
Rand researchers (column 5 in Table 1), again to test for
trends over the three decade span. For fighter and attack
types only, excluding prototypes, the analysis yielded a slope
of plus five months per decade, withva significance proba-
bility of 15 percent (20:25). This finding led the Rand
Corporation researchers to conclude that:

Although the regression tests suggest a change in in-
terval duration of several months per decade, the
large significance probability associated with all of
the tests suggests some caution in asserting that any
real change has occurred {20:25].
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 TABLE 1
ACQUISITION INTERVALS FOR SELECTED AIRCRAFT SYSTEMS
Devel- Months First 200th
opment First to Opera- Months Opera~ Months Time to
Start Flight First tional to First tional to 200th Produce
Date Date Flight Delivery Delivery Delivery Delivery 200 a/c
Model m (2) (3) (%) (5) (6) (8] (8)
F-8& P 11/44 2/46 15 6/47 k] 4/48 41 10
F-84 1745 1747 26 6/47 29 4/48 39 10
F-86 P 5/45 10/47 29 5/48 36 10749 53 17
F-86 12/46 5/48 17 5/48 17 10/49 34 1
FiD P 4/46 3/48 23 8/50 52 4/53 84 32
F3D 6/48 2/50 20 . 8/50 26 4/53 58 32
r-89 P 6/46 8/48 - 26 9/50 51 1/54 91 40
F-89 10/48 6/50 20 9/50 .23 1/54 63 40
F-94 10/48 1749 9 12749 14 4/51 30 16
F4D P 12/48 'l/Sl 25 5/55 12 8/57 104 27
F4D 6/54 5755 8/51 27
F-100 P 10/51 5/53 19 10/53 2% 7/55% 48 21
F-100 2/52 10/53 20 10/53 20 7755 41 21
F-101 10/51 9/54 35 5/517 67 5/58 79 12
F-102 9/51  10/53 25 6/55 45 1/57 64 19
F-104 P 3/53 2/54 1 1/57 46 12/58 69 23
F-104 1/54 2/56 19 1/57 30 12/58 53 23
- F-105 9/52 10/55 kY] 5/58 68 4/61 103 35
F-106 11/55 12/56 13 6/58 31 4/60 $3 22
F-4 $/55 5/58 36 12/60 67 10/62 89 22
r-m 12/62 12/64 26 4/67 52 12/69 84 32
F-14 2/69 12/70 22 5772 39 1/16 39 50
F-15 12/69 7/72 N 11774 59 nn 9 32
F-16 P &/72 2/76 22 8/18 16 1/81 105 29
F-16 1775 12/76 23 8/18 43 /8t 12 29
F-i8 P &/72 6/74 26 5/80 97
rF-18 1/76 11778 k13 5/80 32
AD P 3/69 10/52 4 1/35 70 6/60 135 65
A3D 9/53 1/55 6/60 65
A-4 6/52 6/54 24 8/55 38 12/%7 66 28
A5 6/56 8/58 26 2/60 &4
A-6 1/58 4/60 27 4/62 S 2/67 109 S8
A7 3/64 9/65 18 3/66 26 1768 &6 22
A-10 P 12/70 5772 17 11/7% 59 $/719 101 §2
A-10 1/13 2/15 25 11/7% 34 5/79 76 &2
38
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Table 1, continued

Devel- Months First 200th
opment First to Opers-  Months Opecra-~ Months Time to
Start  Flight First tional to First tional to 200th Produce
Date Date Flight Delivery Delivery Delivery Delivery 200 a/c
Mode | ) (2) 3 (%) (5) 6) &) (8)
B-47 P slo/as 12/47 26 12/50 62 6/52 80 18
B-47 9/48 6/50 21 12/50 21 6/52 !65 18
B-52 P 7/48 4/52 45 1/55 78 8/57 109 31
B-52 2/351 8/54 42 . 1/55 & 8/57 78 31
B-58 2/53  11/56 45 11/59 81
B-70 12/517 9/64 81 Project canceled during development
B-1 6/70  12/74 S4 Project canceled during developmen:
C-130 P /51 8/54 37 12/55 53 2/59 91 k1)
C-130 9/52 4/5% 31 :2/55 39 2/59 n” 38
KC-135P 5/52 7/54 26 1/57 56 1/59 80 24
KC-135 8/54 8/56 24 1/57 29 1/59 53 24
C-133 2/53 4/56 38 8/51 54
P-3 4/58 11/59 19 3/62 47 12/66 104 57
C-141 4/61  12/63 32 10/64 42 4/67 72 30
c-5 10/65 6/68 32 10/69 48
S-3A 8/69 1/72 29 10/73 50

(1) Formal start of aircraft develiopment,

Usually denoted by issuance of a

contract, but sometimes by source selection when formal contract ratification was

delayed but design work continued.

actual development.

in the table.

(2) Date of first flight of the very

specified development project.

(3) (2) - (1), in moaths.

The date shown applies to start of actual
hardvare design and development, not Lo the usual design studies that precede
Occasionally (B-58, for example) a development program was
started, then canceled, redirected, and restarted.

The last such start is noted

(4) Date at which the first fully operational configuration was accepted by the

using service for operational iaventory (as opposed to development testing).

Note

that this does not coincide with 10C, which usually implies delivery of se- <=al
sircraft to the using command, vhile the first operational aircraft may ve!*' go to

8 traioing unit.

capability.

S (3) (4) - (1), in months.

The intent here was to mark a milestone in the systems
development program, not to measure establishment of a true operational

(6) Date of delivery of the 200th operational item (again excluding the umits
produced for development testing).

(7) (6) - (4), in moaths.
(8) (6) - (1), ia months.

e

(20:22-24)
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The Rand researchers also did a regression analysis -
for the time from FSD start to 200th operational delivery for
fighter and attack types only, excluding prototypes (column
7 of Table 1). The results showed a slope of 12 months per
decade and a significance probability of 4 percent (20:30).

From their analysis, the Rand researchers concluded
overall that:

Changes in typical interval duration have been

less pronounced in the phases immediately after the
start of full-scale development. In fact, there is

no evidence that the time required for the initial
engineering development of the system has changed
significantly during the past three decades. This

is rather impressive, considering that aircraft of
recent vintage tend to be much more complex than those
of earlier times.

Although there is some slight evidence that the
test phase (between first flight and first operational
delivery) has been lengthening somewhat, the statis-
tical support for such a trend is very weak. . . .

Finally, a clear change has occurred in the pro-

duction phase of aircraft systems, where average pro-
duction rate has been steadily decreasing over time
{20:36].

The analysis of trends in the data from Table 1 sug-
gests that a better approximation of expectations for future
weapons system development times might be obtained by using
only the more recent data of Table 1 for analysis. This con-
clusion seems especially relevant when the time interval
under study includes part of the production phase.

To illustrate the impact of using only the more re-
cent data for weapons system development times for fighter '
and attack types only, excluding prototypes, Figure 3 shows 3
the scatter diagram and empirical distribution for the months

to first delivery from FSD start, FSD start to 200th delivery,
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and FSD start to IOC for the data in Table 1. The data on
the time from FSD to I0C are not included in Table 1, but
were available from information in the Appendices of the same
Rand report (20:44-76). The empirical distribution has been
assumed to be normal, and the mean and variance for each time
interval are shown.

Figure 4 shows the scatter diagram and empirical
distribution for the same three time intervals, but limits
the data points to fighter and attack type systems, again
excluding prototypes, that have been developed since 1955.
Again the empirical distribution has been assumed to be nor-
mal, and the mean and variance for each time interval are
shown.

A Kolmogorow-Smirnov goodness-of-fit test was per-
formed on the n=10 data points for Figure 4c¢, with the result
that there is no statistical basis to reject the null hypo-
thesis that the sample distribution is a normal distribution
(b = .13).

As shown by Figure 4c, the A-10 weapons system
development time appears to be representative of an approxi-
mately average weapons system acquisition time for fighter
and attack type aircraft systems. And as stated in Chapter 1,
fighter and attack type aircraft systems are also the most
likely to be procured under a competitive prototyping strategy.

The time values used to develop the weapons system
acquisition model were obtained from the history of the A-10
development maintained by the Aeronautical Systems Division
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History Office at Wright-Patterson AFB, Ohio (28; 15; 22).
This history contains the date of accomplishment of major
milestones (events) during the A-10 development.

Logic relationships for the weapons system acquisi-
tion network model were developed from two sources. The logic
relationships for activities in the phases of weapons system
development prior to full-scale development contract award

were derived from the network pattern displayed in Air Force

Systems Command Pamphlet 800-3, A Guide For Program Management.

Only key activities and interrelationships that clearly define
the acquisition strategy in use, that capture important uncer-
tainties, and that contribute to understanding the integration
mechanism with the facilities acquisition network have been
included.

The logic relationships for all activities subsequent
to full-scale development contract award were derived from
the network diagram developed by Fairchild Republic Company
and used for overall system management during the A-10 acqui-
sition (9).

As with the facilities acquisition network model,
the weapons system acquisition model is at a higher level of
aggregation than the constituent elements from which it is
derived. The Fairchild Republic Company management network
for the full-scale development and subsequent phases had 324
events designated, while the weapons system acquisition net-
work model finally developed had only 117 events in total.
This compression and aggregation was required to keep
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unnecessary detail out of the network model, and to keep the
model straightforward enough to readily identify important
relationships and activities, Also, since this network model
is also a constituent element of the integrated network model,
the weapons system acquisition model could not be so large or
so small as to obscure important relationships when the two
subordinate models were integrated into one.

Each of the subordinate models was designed to cap-
ture the key interrelationships and activities for each acqui-
sition process, and to capture those activities that are
critical to the interface between the weapons system acquisi-
tion model and the facilities acquisition process model.

Finally, the weapons system acquisition network model
was constrained to a ten-year calendar due to the requirements
of the computer program used for analysis, and thus the early
phases of planning and system definition that occurred prior
to ten years before the IOC date were eliminated from the
analysis. As a result of this time constraint, the beginning
event for the weapons system acquisition network model is the
re-orientation of the acquisition to a competitive prototyping
strategy by the Secretary of the Air Force. Prior to this
event, and not included in the network model, were detailed
conceptual studies, mission analyses, and some contractor
effort to determine different system alternatives for the
mission need.

As in the facility acquisiticn network model, data
were input using the weeks and days format for time estimates.
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The data input to the weapons system acquisition network

model is shown in Appendix B.

Integrated System Acquisition Network

The facility acquisition network model and the weapons
system acquisition network model constitute the primary input
data for the integrated system acquisition network model. The
interface activity time estimates and logic relationships bet-
ween the two subordinate models, as well as the identification
of the interface activities themselves and their tie-in points,
were determined from the files of the Aeronautical Systems
Division Civil Engineering Office, Systems Facilities Branch,
and from personal interviews with personnel from that office.

No new events were added to those already existing
in the two supordinate and constituent network models. Various
activities were added between the existing events to integrate
the two models into one. The input data for the integration
activities followed the same format as used in the preceding
model developments. Time estimates were input as weeks and
days, and all input data are shown in Appendix C.

Discussion of the three model networks, and the
associated logic diagrams for each, is reserved for the next

two chapters.
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CHAPTER 4
ANALYSIS

This chapter will present the analysis of each of the
three model networks, in turn., The analysis will examine the
logic diagram developed for each of the three networks, iden-
tify the critical path in each network logic diagram, and
examine the se°nsitivity of the critical path in each network.
The sensitivity of the critical path in each network will be
examined with a view as to what it takes to get a new criti-
cal path.

To a limited extent, the sensitivity of individual
activities to duration changes will be examined. The vehicle
for this examination will be the variance of each activity as
determined from the beta distribution for each activity. Be-
cause only activities in the facility acquisition network and
integrating activities between the facility acquisition net-
work and the weapons system acquisition network have the three
time estimates necessary to compute a variance, only they will
be examined for sensitivity to change in individual activities.

For those activities for which a variance has been
computed, the probability of each activity being completed by
the scheduled date (or the latest allowable date if a scheduled
completion date is not specified) will be examined. Special
attention will be accorded to those activities with a low
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probability of accomplishment.

Facility Acquisition Network Model Analysis

The computer-generated portion of the analysis of the
facility acquisition network model is given in Appendix D.

The discussion and analysis of the facilities acquisition net-
work presented in this chapter is based on that computer analy-
sis, but will only address salient elements of the detailed
analysis of Appendix D. The reader is referred to Appendix D
for the detailed calculations for each activity and event in
the network.

The facility acquisition network model construction
and analysis was based on the assumptions given in Chapter 1.
Additionally, a beginning date for the network was chosen that
would provide an easily recognizable benchmark and that would
allow direct comparison with the stand-alone weapons system
acquisition network model. The beginning date of 15 January
1973 was chosen for the dummy start date for the network and
does not imply that all facility acquisitions start in January
or any other month. Requirements for new facilities can be
generated and the programming cycle initiated at any time.

A number of required dates are associated with the
facilities acquisition network model. These required dates
denote deadlines that must be met for the annual MCP submittal,
and are levied by the MAJCOM, HQ USAF, Office of the Secretary
of Defense (0SD), and Congress to assure sufficient review and
program selection time at each review level, For instance,
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the MCP program must be submitted to Congress on the 15th of
January in the year it is programmed (1975 for this study).
0SD requires the MCP program by the preceding October
{October 1974), and HQ USAF requires the full project books
for the MCP program in the preceding August (August 1974).
The MAJCOM, in turn, requires the full project book (PB) one
month earlier (July 1974). The abbreviated project book must
be submitted to the MAJCOM by the preceding November (Novem-
ber 1973). The initial DD Form 1391 must be received by

HQ USAF in October of that same year (October 1973), and the
same document must be submitted to the MAJCOM two months
earlier (August 1973).

The activities and events enumerated in Appendix A

are shown graphically in Figure 5 as a logic diagram. The

minimum slack, or critical, path is identified by the doubled
activity line. Only the event numbers are shown in Figure 5,
but cross-referencing the event numbers with the activity and
event descriptions given in Appendix A identifies the critical
path as being the programming and approval process, including
the Congressional authorization and appropriation. Specifically,
the critical path follows the development of the initial DD
Form 1391 submission, through the MAJCOM and HQ USAF reviews,
and the inclusion of the facility requirement in the POM. The
critical path continues through the 0SD and Office of Manage-
ment and Budget (OMB) review process into the Congressional
authorization and funding. After Congressional and Presiden-
tial approval of the MCP, the critical path continues through
49
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the funds disbursement process and culminates in facility
construction, inspection, and equipment installation.

The abbreviated PB development process has a minimum
slack of seven weeks, as does the full PB development. The
abbreviated PB review at MAJCOM and HQ USAF does allow for
issuance of the design instruction with 13.7 weeks of slack,
however.

The environmental impact analysis process, events
3600 through 4200, when constrainted as given in Chapter 1,
has 44.5 weeks of slack, and thus could not create a new
critical path unless that slack is eliminated.

More importantly, the design process, events 4300
through 6400, has only 13.7 weeks of slack to meet the require-
ments of 35 percent design before the project will be submitted
for Congressional funding and approval. After the 35 percent
design milestone, slack increases in the design process to
16.8 weeks. While 13.7 to 16.8 weeks of slack may seem to be
a long time, the design process can slip this amount if there
is very much lost design. Lost design is that design effort
that is wasted because of changes in requirements or changes
to specifications that require a redesign effort. The stan-
dard deviation for the design process as a whole is 2.18 weeks,
which was obtained by taking the square root of the sum of
the variances along the longest expected path from event 4310
to event 6400.

The duration of the critical path in the facility
acquisition network model is five years, five and one-half
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months. The IOC date for the facility in this model is in
June 1978, given the network start date as January 1973.

Turning now to the amount of change in indiyidual
activities, the variance for all but eight activities in the
facilities network is less than one week. The maximum indi-
vidual activity variance is 3.61 weekz for the POM preparation
by HQ USAF. Interestingly, the complete project book prepara-
tion variance is close to this maximum at 2.89 weekz. The
Jacility construction variance is 1.69 weekz, as is the vari-
ance in collecting comments from the preliminary design con-
ference. The programming phase of the facility acquisition
process contains the most variance in individual activities,
As can be seen from the critical path, any change in the pro-
gramming phase directly impacts the critical path and the
total project duration.

The probability of individual activities being accom-
plished by the scheduled date (or the latest allowed date if
a scheduled date is not specified) is also of interest in the
facility acquisition network. The probability for each acti-
vity along the critical path is .50, while the probability of
accomplishment for those activities with slack increases com-
mensurate with the amount of slack available, up to a maximum
probability of .99. There is no probability given in the
stand-alone facility acquisition network model of less than
.50.

One further point about the probabilities of indivi-
dual activities. For those activities on the critical path
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and for which a required or scheduled date has been specified,
the expected date for accomplishment of that activity occurs
sufficiently before the required or scheduled date to allow a
.99 probability of completion., This implies that the required
or scheduled dates may have excess slack "built-in" beyond
what is necessary for any single project. However, it must
also be recognized that in any given fiscal year progranm,
there are many hundreds of projects submitted and all are pro-
cessed and reviewed subject to the same required and scheduled
date constraints,

A probability distribution for the facility acquisi-
tion network as a whole is shown in Figure 6. This distribu-
tion is for the time duration from when the requirement is
identified until the facility is complete and ready for use,
including the installation and checkout of any required
equipment. Also, it is predicated upon the same assumptions
applicable to the facility acquisition model development.

The distribution in Figure 6 was determined by summing the
expected activity duration values (te) of individual activi-
ties along the critical path of the facility acquisition net-
work to determine X, and using the formula:

OTE = E (ote)
where OTE is the standard deviation of the network as a whole
and (ote)z is the variance for each individual activity along

the critical path. The values of TE and (ot ) for each
e
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Facility Acquisition Process
Probability Distribution

activity in the network are shown in Appendix D.

Weapons System Acquisition Network
Model Analysis

The computer-generated portion of the analysis of
the weapons system acquisition network model is given in
Appendix E. The discussion and analysis of the weapons system
acquisition network, as with the facility acquisition network,
is based on that computer analysis. Again, only salient ele-
ments of the detailed analysis of Appendix E will be addressed.
The reader is again referred to Appendix E for the detailed
calculations for each activity and event in the weapons system
acquisition network.

As with the facility acquisition model, only the
initial network start event was specified in the analysis as
an accomplished date. All other dates in the analysis were
calculated as expected dates. The expected dates shown in
Appendix E are, in fact, close approximations to the actual
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dates that that event or activity was accomplished, but because
the computer program used for aralysis was not designed to
analyze already completed activities and events, it was neces-
sary to modify the way the data were input and not denote them
as actual dates to allow eventual analysis of the integrated
network. Thus, the dates specified as the expected dates are,
in fact, close approximations to the actual dates, even though
they are not so annotated in the computer-generated output.

The designated network start date was October 10,
1969, which is the date the Secretary of the Air Force redesig-
nated the program into a competitive prototyping strategy.

Figure 7 shows the network logic diagram for the A-10
system development, as constructed from the activities and
events of Appendix B. Again, the critical path is shown by
a doubled activity line. As with Figure 5, only event numbers
are shown in the logic diagram, and these must be cross-
referenced with Appendix B to determine activity and event
descriptions.

The duration of the critical path in the weapons
system acquisition network is eight years, given the start
date already noted, with the IOC declared for the A-10 in
mid-October, 1977. Another important date to note is the date
of the decision to proceed into full-scale development, Janu-
ary 1973. This is the same month that was used as the start
date for the stand-alone facility acquisition network.

The critical path involves the PMD development and
finalization, DSARC I, the selection and fabrication of the
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Weapons System Acquisition Process Network Logic Diagram
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competing prototypes, the flyoff and evaluation of the proto-
types, the DSARC II to the final prototype selection. In the
FSD phase, the critical path follows through contract award,
into tool planning, design, and manufacture for the pre-
production prototypes, and into final assembly and construc-
tion of the pre-production prototypes. After the DSARC IIIA
decision for initial production, the critical path continues
through aircraft production and on to equipping test and
training units, then equipping the first operational unit to
meet the IOC.

Prior to the award of the FSD contract, all activity
slacks are very close to zero, and thus even small changes in
activity durations could alter the critical path.

After the award of the FSD contract, there are many
activity paths that have little slack and could change the
critical path if there are excessive delays or rework re-

quired. Among them are the release of specifications for

vendor-supplied items, the finalization of the aircraft design,

including the release of structural drawings and the design
of jigs and final plans. Other activity paths with little
slack include the gun and avionics testing, as well as the
contract monitoring and planning that is done by the SPO.
Finally, the initial aircraft delivery, test and DT§E, and
initial operational cadre training are also very close to the
critical path and could force it to change with any signifi-
cant delays in any of these activities.

It must be noted that the description of the

57




sensitivity of alternative paths through the network to becom-
ing the critical path is somewhat tenuous because actual dates
are used. In some of these ''near critical"™ paths, the dura-
tions for individual activities could have been intentionally
lengthened up to the available time for their completion. 1If
this is true, the calculated slack values are questionable.

Because the variance for individual activities in
the weapons system acquisition network were not computed, the
sensitivity of individual activities to change is impossible
to determine.

Figures 4a, 4b, and 4c presented in Chapter 3 show
the estimated overall probability distribution for total
development times of fighter and attack weapons systems

developed in the recent past.

Integrated Acquisition System Model Analysis

The facility acquisition network probability distri-
bution shown in Figure 6, when compared with the distribution
for the weapons system shown by Figure 4c, offers a convenient
starting point for analysis of the integrated acquisition
system, But since the facility acquisition network proba-
bility distribution of Figure 6 was based on the requirement
identification at base level as its starting point, it does
not share the same starting milestone as does Figure 4c, the
weapons system process probability distribution from FSD to
I0C. The facility acquisition process can be expanded to
Begin at the FSD decision point, however, by adding one
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integrating activity and determining the optimistic and pes-
simistic time estimates for the time interval between the
decision to proceed into full-scale development and the actual
contract award for FSD pre-production prototypes. This was
done by adding the contractor preparation of the facility
requirements report activity and by having an expert in wea-
pons system development provide estimates for the optimistic
and pessimistic times for activity 10410-10420, the final
contract negotiations between the announcement of the FSD
decision and the competition winner and the signature of the
FSD contract with the winner (21). (The three time estimates
for these two activities are shown in Appendix C.) The re-
sulting probability distribution for the facility acquisition

process starting from the FSD decision is shown in Figure 8.
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Amended Facility Acquisition Process
Probability Distribution

When Figure 4c is overlaid on Figure 8, as is shown
in Figure 9, the difference between the expected durations of

the two acquisition processes is apparent, and it is evident
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Figure 9

Comparative Probability Distributions

that the two processes are not syncronous. Figure 9 shows
that the facility acquisition process, under normal proce-
dures when funding is obtained through the MCP, is not com-
patible with the weapons system acquisition process if both
have to meet a common IOC.

But the question then arises as to what activities
can be crashed or otherwise amended so as to make the two
processes' probability distributions more syncronous? A de-
tailed discussion of the answer to this question will be
deferred to the next chapter, but the integrated acquisition
system network, using the A-10 as the representative system
for the weapons system acquisition process under a competi-
tive prototyping strategy, can allow investigation into what
can be done. First it is necessary to investigate the inte-
grated network as it results from the combining of the facili-

ties acquisition network and the weapons system acquisition
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network when no special actions on any activities or events
are allowed.

A computer analysis of the integrated network is in-
cluded in Appendix F., Three separate analyses of the inte-
grated network were performed to assess the influence of the
required and scheduled dates inherent in the facility acqui-
sition process procedures. These will be discussed in more
depth below.

First, it is necessary to discuss the integrating
activities between the facilities acquisition process and the
weapons system acquisition process. There are essentially
four areas where the two processes interface directly, the
first being the contractual requirement of the weapons system
prime contractor to supply a facility requirements report
identifying the real property facility requirements needed
to support the new weapons system entering FSD. This report
is normally initially required 180 days after the FSD con-
tract is awarded, and is periodically updated to reflect weapon
system design refinements that change facility requirements.

The second main interface between the two acquisi-
tion processes reflects the fact that the weapons system de-
sign must be finalized before the supporting facility design
can be finalized,

Third, the site activation task force (SATAF) facili-
ties sub-committee works concurrently with base, MAJCOM, AFRCE,
and SPO personnel to minimize problems in the final stages of
facility construction and equipment installation to insure
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that all constituent elements necessary to become operation-
ally capable come together at the same time. The SATAF
facilities subcommittee is a controlling and coordinating
body organized to facilitate a smoother weapon system beddown.

The fourth and final interface is related to a basic
assumption of this study, and that is that the facility must
be usable before the operational unit can be considered to
have reached an initial operational capability.

A logic diagram for the integrated acquisition pro-
cess is shown in Figure 10. The integrating activities, in
the order they were described above, are 10420-100, 10500-6000
(the black square denotes the activity arrow has been broken
and is continued elsewhere), 11310-2900, and 3500-11300. The
critical path for the integrated network is shown by the
doubled activity lines, and was the same path in all three
analyses completed. The time duration characteristics of the
three analyses differed significantly, however, and need to
be addressed separately and in more detail.

The first analysis, included as Appendix F, was based
on the facility acquisition network model, including all re-
quired and scheduled dates as given in the stand-alone facil-
ity acquisition network model. Two significant results are
shown by this analysis. The first is that the duration of
the critical path, based on the same start date used in the
stand-alone weapons system acquisition model analysis, has
increased the expected date of the IOC to late February 1979,
an increase of one year and four months from the IOC in the
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Figure 10

Integrated Acquisition Processes Logic Diagram
NOTE: The black square indicates the activity line has been
interrupted for that activity and it is continued
where the other black square is located.
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stand-alone weapons system acquisition network model.

The second significant result is the negative slack
calculated for all activities on the critical path, or even
fairly close to it, prior to the required date the MCP pro-
gram for the facility acquisition is sent to Congress. A
negative slack means the latest allowable date for completion
of an activity is before the expected date for completion of
the same activity. Put another way, it means that the acti-
vity should be completed before it can reasonably be expected
to be completed. In this case, the maximum negative slack
has a value of -27.8 weeks, or approximately six months, and
occurs for each activity on the critical path prior to event
1700, MCP program submission to Congress. This large nega-
tive slack infers that either the events prior‘to when the
MCP program is sent to Congress should be initiated six months
earlier or the fiscal year program in which the facilities
are to be acquired should be moved back one year, in this
case from FY 1975 to FY 1976. - Moving the brogram back will
necessarily delay the IOC by six more months, however, since
the program submission to Congress is on the critical path.

The sensitivity of the critical path in this inte-
grated network analysis is essentially the same as that in
each stand-alone network previously discussed, except at the
juncture where the facilities subnetwork breaks off from the
weapons system subnetwork. The slack prior to event 10420,
FSD contract award, is -27.8 weeks along the critical path.
After event 10420, and within the weapons system subnetwork,
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the lowest slack is 68.4 weeks.

Clearly the facility acquisition process is a bind-
ing constraint when new facilities are required before a
weapons system can be declared operationally capable.

Finally, it is worthwhile to note that for those
activities prior to MCP program submission to Congress and on
the critical path, the probability of each activity on the
critical path being completed by the required date is approx-
imately .01.

The second integrated activity network analysis was
based on the same input data as that included for the analysis
described above, except that only the date the MCP program
was sent to Congress was retained as a required date. " The
'constraints on all other required dates as specified in the
stahd-alone facilities acquisition analysis were relaxed,
since for some special, high priority requirements, these
time constraints can be waived.

ESseﬁtially the same findings as those presented in
the preceding analysis were revealed. The only difference
was that the most negative slack was reduced to -24.4 weeks.
The total duration and route of the critical path was not re-
duced or changed, and there was only 3.4 weeks reduction in
the sensitivity of any paths through the weapons system acqui-
sition subnetwork becoming part of the critical path.

The third integrated activity network analysis used
the same input data as the first integrated analysis, but
eliminated any required or scheduled dates. This was done
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solely to allow analysis of an unconstrained acquisition pro-
cess to identify any significant changes and does not reflect
a real situation or real conditions. Again the same critical
path, and the same total duration of the critical path was
found as in the previous two analyses. The negative slack
was eliminated, and all activities on the critical path that
had had a negative slack had a different latest allowable
date calculated. The expected and latest allowable dates for
MCP program submittal to Congress, for instance, occurred in
July 1975, which was six months out of phase with the actual
requirement as has been previously noted.

Under all three analyses, the '"tie-in" points of the
interface activities was not changed, and no possibility of
activity crashing was input into the computer analyses. This
posture was maintained to provide as realistic a picture as
possible of the way the normal structure and procedure of the
acquisition processes now are designed to interface with each
other.

The analysis of the acquisition networks in this
chapter has shown the incompatibility between the normal pro-
cedure of the facilities acquisition process and the weapons
system acquisition process. The next chapter will examine
how that incompatibility is currently resolved, and analy:ze

some other alternatives for resolving the incompatibility.

66

e e e e i ) s i e i e D g
A B ) T T e R AR o ~ -

Lt .
PBris v I et

g




CHAPTER 5
ANALYSIS OF ALTERNATIVES

Acquainted now with the structure, time duration,
and other characteristics of the facility acquisition model,
the weapons system acquisition model, and the integrated sys-
tems model, it is worthwhile to examine some alternative means
whereby the IOC for facility completion in the integrated
model can be made essentially equivalent to the IOC in the
stand-alone weapons system acquisition model. This involves
either a compression or re-orientation of the facilities
acquisition model (based on the assumption that the weapons
system is to be operationally capable as soon as possible},
because the critical path in the integrated model proceeds
through the facility acquisition model subnetwork and extends
the IOC beyond what actually occurred.

Essentially, there are three basic alternatives
available to make the expected duration through the facility
acquisition process equal to the expected duration from FSD
start to IOC in the weapons system acquisition process. The
first alternative, and the one currently employed, is to crash
activities in the facility acquisition network. A second
alternative is to restructure the integration points between
the facility acquisition process and the weapons system
acquisition process. This alternative also implies some
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restructuring of the facility acquisition process. The third
alternative is to completely restructure the facility acqui-
sition process and make it subordinated to, and under the con-
trol of, the weapons system program manager.

The first two alternatives will be discussed in
further detail, but the third alternative listed is beyond
the scope of this study, since it involves very strong politi-
cal interests as reflected in the close Congressional control
exerted over the military construction program. Also, there
are many facility construction projects funded through the
MCP that are not tied to any particular weapons system bed-

down.

Crashing the Facility Acquisition
Process Model

This analysis will show how the facility acquisition
subnetwork must be compressed, or crashed, to allow the IOC
established in the stand-alone weapons system acquisition
model to be achieved in the integrated acquisition model.

Before discussing the crashed facility acquisition
network model, it is necessary to discuss briefly the approach
used to define crashed activities. '"Crashing'" involves
developing a new plan, one in which the assumed work pace is
accelerated. This is accomplished by procuring added equip-
ment and more personnel, working overtime, scheduling concur-
rently whenever possible, etc., Crashing an activity generates

a new and different probability distribution from the beta
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distribution for an uncrashed activity. For analytical pur-
poses in this study, however, the expected value of the crashed
activity distribution has been assumed to be equal to the most
optimistic time estimate given in the beta distribution for

an uncrashed activity. This assumption was made because the
crashed activity distribution was not available for each acti-
vity in the facility acquisition network.

The first step in crashing the facility acquisition
process, for this analysis, involved crashing all activity
times for events along the critical path of the facilities
acquisition subnetwork, to the most optimistic completion time
as given by the three time estimates defining the beta distri-
bution for each activity. Even this crashing did not reduce
the total duration of the facilities acquisition process
sufficiently to allow either the program to be presented to
Congress by the required date or for the facility to be ready
for use by the required I0C. Further crashing was necessary
in both the programming phase and in the construction phase.

Specifically, in the programming and approval phase
of the facility acquisition process, the only truly firm re-
quired date is the date the program is sent to Congress.
According to one source on the HQ USAF staff, new programs can
be submitted to HQ USAF as late as December and have them in-
cluded in the January budget submission that goes to Congress.
However, the program must be in the POM, and must be coordin-
ated with all other funding accounts (18). Also according to
the same source, such severe compression of the norma.
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headquarters review and selection process is not uncommon for
high priority facility projects, such as those associated with
a new weapons system beddown.

Not only must activities prior to submission of the
program to Congress be extraordinarily crashed, but activities
in the construction phase, especially the facility construc-
tion itself, must be extraordinarily crashed. Extraordinary
crashing refers to a crash time that is less than the opti-
mistic time estimate from the beta distribution for an un-
crashed activity. This extraordinary crashing is done in the
construction phase through contractual requirements, but adds
costs that the building contractor passes on the government
in his bid price (23).

The result of crashing the critical path in the faci-
lities subnetwork, and of extraordinary crashing elements of
the programming and construction phases, is shown in Figure
11, a revised logic diagram for the facilities acquisition
subnetwork, and are tabulated for each activity in the inte-
grated network in Appendix G.

As can be seen from Figure 11, where all the critical
patks are shown by doubled activity lines, the result of all
this crashing is a network with multiple critical paths.

While the generation of multiple critical paths reduces the
total process duration, it also increases management complex-
ity. Further, slippage along any of the critical paths will
delay the whole process. Multiple critical paths also serve
to diffuse management attention over many simultaneous
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activities, instead of allowing management to focus on a few

key specific activities along one critical path. In effect,

multiple critical paths takes away from management the option
of management by exception (4:19).

There is also higher risk, and the associated higher
cost, inherent in multiple crashed critical paths. The oppor-
tunity is greater for some important function or activity to
be less than the best product in order to meet the rigorous
schedule demands. For facility projects, this equates to a
higher risk of inadequate programming, higher risk of lost
or incomplete design, and higher risk of insufficient funding
level estimates and funding appropriations.

As mentioned earlier, crashing activities is the
method of facility acquisition process compression used now.
All of the hazards associated with this approach, as mentioned
above, have been experienced in actual practice (23). Crash-
ing activities in the facilities acquisition process was the

method employed in meeting the A-10 IOC.

Restructure Integration Points

The second option for compressing the facility acqui-
sition process is to restructure the integration points between
the weapons system acquisition process and the facility acqui-
sition process. To analyze this option, it is first necessary
to more fully understand the facility acquisition process pro-
gramming phase,

The facility acquisition process programming phase
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has two essential functions. The first function, accomplished
through the initial DD Form 1391 submission, is to provide a
line item input into higher command level budget planning.

This input is used to allow the MAJCOMs and HQ USAF an oppor-
tunity to initially review and select from among the projects
submitted those that will be supported for that fiscal year
MCP program. For high pricrity projects, such as new weapons
system beddowns, the initial DD Form 1391 submittal establishes
a budget planning figure for development of the POM, and it
serves as the paperwork record in high level reviews.

The second input from base level in the programming
phase is the abbreviated project book. This document further
refines the facility construction cost estimates and provides
further information for review to allow final selection of
those projects that will be supported further through the
process.

The final base-level product from the programming
phase is the complete project book (PB). This document pro-
vides detailed cost estimates, and all baseline information
from which to develop the facility design. It also serves as
the final document in the higher headquarters review and
approval process, especially before Congress.

Essentially, however, the first two documents serve
as inputs for review, approval, and selection of projects that
will be included in the POM. The last document serves as the
baseline for design, and for support of those projects in the
POM that are being defended before Congress for authorization
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and funding.

The option for restructuring and "tie-in" points of
the integrating activities between the two acquisition pro-
cesses stems from the fact that the first programming document,
the initial DD Form 1391 submittal is not dependent on receipt
of the facilities requirements report developed by the weapon
system prime contractor. What is needed is notification of
the intent to beddown a weapons system at a particular base,
so that that base can generate an initial DD Form 1391 input
to establish the requirement in the POM. The initial estimate
of the amount of money necessary for the facility support of
the weapons system beddown need not be precisely accurate
since it can be refined with inputs from the later programming
documents and finalized before the whole MCP program is sub-
mitted to Congress.

Figure 12 shows the original and an amended subnet-
work of the programming phase of the integrated acquisition
network. The location of the critical path of the whole inte-
grated acquisition network as it passes through each of these
subnetworks is shown by the doubled activity line. The com-
puter analysis of each activity in the integrated acquisition
network, when it is restructured as shown in Figure 12b is
also included as Appendix H,

In the structure shown by Figure 12b, notification
of intent to beddown a weapons system would be made concurrent
with the SPO's direction to competing contractors concerning »
the requirements of the full-scale development phase. This

74

P R v . - T ey

FUURI
W e

L Y

o ey N.Q‘r’p" e T2



P

a. Original Programming Phase Subnetwork

b. Amehded Programming Phase Subnetowrk

L

Figure 12

Programming Phase Subnetworks
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early notification would allow early submittal of the initial
DD Form 1391, and get the construction program (although not
the specific required amount) identified as early as possib;e
in the POM, If the operating command for the weapons system
had not yet designated an initial host base, the MAJCOM could
initiate DD Form 1391 to insure the program inclusion in the
POM.

Some rearrangement of activities from the way they
exist in Figure 12a is shown by Figure 12b, but no essential
activities have been eliminated. They have only been re-
sequenced in a different structure. The computer analysis
of this amended structure shows that without crashing any of
the programming phase activities, there is only seven weeks
of negative slack in the network. All negative slack could
be eliminated by crashing the abbreviated and complete project
book preparation activities, and even then they would not have
to be crashed beyond a time duration equal to the most opti-
mistic completion time for the uncrashed activity.

This network structure also results in only one criti-
cal path, allowing management to focus control more precisely
and permitting management by exception.

The network structure shown by Figure 12b does not
preclude the crashing or extraordinary crashing of activities
in the construction phase. It does provide some valuable
slack in the design phase, however. Finally, the network
structure of Figure 12b still provides the opportunity to stop
the facility support project in support of the weapons system
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beddown if the weapons system development does not proceed
into full-scale development or does not proceed into produc-
tion.

The structure of the logic diagram of Figure 12b
represents only one possibility for relocating the "tie-in"
points for integrating activities between the two acquisition
subnetworks. Five other possible integrating structures for
the programming phase of the network were examined, but they
all resulted in more negative slack or required crashing more
activities than the one shown, and were thus considered less
acceptable than that shown by Figure 12b. This is not to imply
that the modified structure shown in Figure 12b is the optimum
one possible. More '"what if" type analyses of different
structural arrangements is necessary to determine the optimal
structure that will meet requirements. What is shown is that
restructuring can effect better management procedures than the

present method of crashing allows.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The development and analysis of the facility acqui-
sition process and the weapons system acquisition process has
been accomplished through the use of PERT networks developed
for each process. From the analysis of the stand-alone acqui-
sition processes, an analysis of the compatibility of the two
processes was accomplished.

The first steps in the analysis consisted of develop-
ing probability distributions for each acquisition process,
as they are normally structured and occur. Comparison between
the probability distributions showed a marked expected time
duration difference between the two acquisition processes,
with the expected value of the facility acquisition process
being many months longer than the expected value of the
weapons system acquisition process, when both are measured
from the decision to proceed into full-scale development.

(The difference between means is 13 months.)

The second step in the analysis used the network
models developed for each acquisition process as inputs into
an integrated acquisition process model. This permitted the
specific requirements of each subordinate acquisition process
to be analyzed in the context of how it impacted the acquisi-
tion process as a whole. The integrated network also allowed
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analysis of how the two subordinate acquisition processes
might be restructured, or their integration structure reoriented
to more acceptably meet the time constraints imposed on the

whole system.
Conclusions

From this analysis, it was determined that the facility
acquisition process is very likely to be a binding constraint
on the initial operational capability date established for a
new weapons system development. The normal procedures and time
tables used in the facility acquisition process are not condu-
cive to meeting the targeted IOC. Instead, extraordinary man-
agement action is required to crash activities in the facility
acquisition process, to the point where almost all activities
in the facilities acquisition process become critical

Restructuring the interface activities between the
facility acquisition process and the weapons system acquisi-
tion process was examined with a view to establishing differ-
ent '"tie-in" points between the two processes. Analysis of
this restructuring showed that it can reduce the amount of
crashing required in the facility acquisition process, thus

reducing extraordinary management control and saving resources.

An example of a restructured network was shown in Figure 12b

of Chapter 5.

Recommendations

While the structure of the facilities acquisition
process in support of new weapons system beddowns shown in
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Figure 12 may not be optimal, it does illustrate that re-
structuring the process can achieve economies of time and
other resources. More study into the relocation of integra-
ting activities between the two acquisition processes is
necessary, and this research should be pursued. The benefits
possible from finding the optimal structure for integration
include a lower risk of exceeding time constraints, lower
cost, less direct management attention, and less stringent

management control.

Recommendations for Further Study

One area requiring further study is the possible
development of a generalized weapons system acquisition model
that does not rely upon a particular weapons system as the
basis for analysis. The case study approach, as used in this
analysis by having the A-10 system as the weapons system acqui-
sition process model, does not give generalized results that
can be universally applied.

The specific problems of coordination and responsi-
bility assignment that would be encountered by restructuring
the programming phase of the facilities acquisition process
need further investigation, as does determination of the opti-
mum structure to be used.

Finally, repeated validation of the results of this
study are necessary because of the subjective nature of the
input data used as the foundation of this study. Subjective
judgments of time estimates could have inherent biases built
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in that could be eliminated only by repeating the study and
acquiring inputs for time estimates from different sources

than were used in this study.
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APPENDIX A
FACILITY ACQUISITION MODEL INPUT DATA




Activities Input Data

Note: Times are given in weeks and days format.
Begin End Description Opt. Most Pess.
Event Event Time Likely Time
99 100 Dummy Network Start 0 0 0
100 200 Facility Requirements Sent to 3 5 10
Base
200 300 Facility Survey 42 42 60
200 3600 Initial Environmental 26 42 63
Evaluation
300 400 Construction Program 34 42 55
N Determination
400 600 Initial Documentation Develop- 5 26 55
ment
600 700 Initial DD Form 1391 Develop- 3 5 10
ment
700 800 1391 Receipt and Review by 42 63 84
b MAJCOM
700 1000 Abbreviated PB Development 142 171 213
800 900 Program Amendment § Forward 84 105 121
to HQ USAF
900 1200 Program Review by HQ USAF 105 126 171
1200 1300 Approved Program Sclection by 21 26 42
HQ USAF
1300 1600 POM Establishment by HQ USAF 171 213 284
800 1100 MAJCOM Review of 1391 26 42 55
1100 1500 MAJCOM Review of Abbreviated 105 126 150
PB
1000 1100 Abbreviated PB Mailed to 3 5 10
P MAJCOM
1000 1400 Complete PB Preparation 213 255 321
¥ 1400 1500 Complete PB Mailed to MAJCOM 3 5 10
{ 1500 1600 Complete PB Review § Mail to 34 42 55
f HQ USAF
! 1600 1700 HQ USAF Review of Program 60 80 120
i 1700 1800 OSD § OMB Review of Program 100 140 160
! 1800 1900 Program Sent to Congress 3 5 10
1900 2000 Congressional Review § 350 360 380
Approval
2000 2100 Bills Signed by the President 1 3 10
2100 2200 OMB Apportions Funds to AFRCE 13 26 S5
2200 2210 HQ USAF Apportions Funds to 13 26 55
AFRCE
2210 6200 Financial Planning 30 50 80
6200 2300 IFB Preparation 13 42 55
2300 2400 CWE Preparation 10 13 21
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Begin End Opt. Most Pess.

Event Event Description Time Likely Time

2400 2500 Preparation for Award 26 42 42

2300 2500 Bid Advertisement, Formula- SO 63 63
tion § Receipt

2500 2600 Bids Opened, Reviewed § 3 5 13
Approved

2600 2800 Preconstruction Conference 11 13 21
Preparation

2800 2900 Facility Construction 1000 1030 1080

2900 3000 Prefinal Inspection 5 5 5

3000 3100 Correct Inspection 42 63 84
Deficiencies

3100 3200 Final Inspection 1 1 1

3200 3300 Facility Transfer 4 4 13

3300 3400 Equipment Installation 42 63 84

3400 3500 Facility § Equip. Checkout 26 42 50

3600 3700 Env. Assessment § FONSI 30 45 60
Determination

3700 3800 EA Presentation to Base EPC 1 1 1

3800 4100 Base JAG § PA Review FONSI 30 40 50

4100 4200 FONSI Publish § Solicit 42 50 60
Public Comments

4200 1400 Complete Programming Docu- 3 5 13
ments

1300 4300 DI Issue to MAJCOM/AFRCE 1 1 1

4300 4310 MAJCOM/AFRCE Notify Design 5 5 13
Agent

4310 4400 DA Preparation for Predesign 10 13 21
Conference

4400 4500 MAJCOM/AFRCE Collects § 35 40 50
Reviews Comments

4400 4600 Conceptual Design 50 60 90

4500 4600 Relay Comments to DA 3 5 10

4600 4800 Early Preliminary Design 100 120 140

4800 4900 MAJCOM/AFRCE Collect § 35 40 50
Review Comments

4800 5000 Preliminary Design 30 40 60

4900 5000 Relay Comments to DA 3 ) 10

4900 5100 Prep for Early Prelim Design 15 20 30
Conference

5000 5100 Early Prelim Design Continues 20 30 40

5100 5200 35% Design Notification to 1 1 1
MAJCOM

5200 5300 35% Design Notification to 1 1 1
HQ USAF

5300 1800 35% Design Notification to 3 3 3
0SD

5100 5400 Early Prelim Design Confer- 60 80 140
ence

5400 5500 MAJCOM/AFRCE Collect § 35 40 50

{ Review Comments
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Begin End Description Opt. Most Pess,

Event Event Time Likely Time

5400 5600 Final Design 60 80 100

5500 5600 Relay Comments to DA 3 S 10

5500 §700 Prep for Prelim Design Conf, 15 20 30

5600 5700 Prelim Design Continues 20 30 40

5700 5800 Prelim Design Conf Comments 60 100 120
Incorp.

5800 5900 MAJCOM/AFRCE Collect § 35 40 50
Review Comments

5900 6000 Prep for Final Design Conf 15 20 30

5900 2210 95% Design Notification to S 5 5
HQ USAF

5800 6300 Final Design Details 26 42 63

5900 6300 Relay Comments to DA 3 5 10

6300 6000 Final Design Continues 15 20 30

6000 6400 Final Design Comment Incorp 26 42 63

6400 6100 Final Design Review by 13 26 5S

¥ MAJCOM/AFRCE
6100 6200 Contract Preparation 21 26 42

Event Input Data

Event Date
Number Description Required
(month,day,year)

99 Dummy Start Event

100 Facility Requirements Defined by Contractor

200 Base Receives Facility Requirements Report

300 Facility Survey Complete

400 Base Facilities Board Approves Facilities

Construction

600 Call Received from MAJCOM
700 Initial DD Form 1391 Completed

800 Initial DD Form 1391 Received by MAJCOM 080173
900 Initial Program Received by HQ USAF 101573
1000 Abbreviated Project Book Completed

1100 Abbreviated PB Received by MAJCOM 120173

1200 Abbreviated PB Received by HQ USAF
1300 DI Issued by HQ USAF
1400 Full PB Review Complete

1500 Full PB Submitted to MAJCOM 070174
1600 Full PB Submitted to HQ USAF 080174
1700 MCP Program Submitted to OSD 100174
1800 0SD/OMB Review Complete

1900 MCP Program Submitted to Congress 01157S§

2000 Congress Passed MCP Bill
2100 President Signs MCP Bill
2200 Funds Apportioned by OMB
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Event

Number Description

2210 Funds Apportioned by HQ USAF

2300 IFB Ready

2400 CWE Prepared

2500 Construction Bids Prepared

2600 Contract Awarded

2800 Preconstruction Conference Complete
2900 Facility Constructed

3000 Prefinal Inspection Complete

3100 Deficiencies Corrected

3200 Final Inspection Complete

3300 Facility Transfer Complete

3400 Equipment Installation Complete

3500 Facility Ready for Use

3600 CATEX Inapplicability Confirmed

3700 Environmental Assessment Complete
3800 Base EPC Approved EA

4100 FONST1 Review Complete

4200 Public Comment Period Complete

4300 DI Issued to MAJCOM/AFRCE

4400 Predesign Conference Complete

4500 Comments on Predesign Collected

4600 DA Received Comments

4800 Early Preliminary Design Review Complete
4900 Preliminary Design Comments Collected
5000 DA Received Comments

5100 Early Preliminary Design Conference Complete
5200 35% Design Report Submitted to AFRCE
5300 35% Design Report Submitted to HQ USAF
5400 Preliminary Design Review Complete
5500 Comments Collected

5600 DA Received Comments

5700 Preliminary Design Conference Complete
5800 Final Design Review Complete

5900 Comments Collected

6000 Final Design Conference Complete

6100 Final Design Approved

6200 MAJCOM/AFRCE Contract Review Complete
6300 DA Receives Comments

6400 Design Complete
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Activities Input Data

Note: Time is given in weeks and days format.

Begin End Time

Event Event Description Value
10000 10180 Dummy Network Start 0
10180 10190 Prepare Revised Draft DCP 83
10190 10200 Prepare for DSARC Review of Strategy 4
10200 10220 Ratification of Recommendation by Decision 153

Authority
10190 10210 Final DCP Preparation 130
10210 10220 Final DCP Approval 30
10220 10230 PMD Finalization 4
10230 10240 Program Control Formulation 13
10180 10240 Continue Baseline Preparation § Analysis 262
10240 10250 Finalize RFP 14
10250 10260 Industry Prepares Reply to RFP 133
10260 10270 Industry Reply Evaluation 94
10270 10290 Final Prototype Source Selection Evaluation 66
10290 10300 DSARC I Review § Selection 1
10300 10310 Final Contract Preparation 4
10310 10320 Prototype Engineering 86
10320 10350 Prototype Fabrication § Manufacture A-10 622
10320 10360 Prototype Fabrication § Manufacture A-9 651
10350 10380 A-10 Prototype Flight Evaluation 206
10360 10380 A-9 Prototype Flight Evaluation 180
10300 10340 A-9 Engine Contract Development 542
10310 10340 A-9 Engine Contract Negotiations 545
10340 10360 A-9 Engine Fabrication § Test 202
10380 10390 Air Force Competitive Flyoff 64
10390 10400 Flyoff Results Evaluation 54
10400 10410 Review § Ratification by Source Selection 1
Authority

10410 10420 FSD Contract Preparation § Negotiation 60
10410 10430 Engines Contract Preparation § Negotiation 60
10240 10370 Baseline Data Preparation § Planning 1132
10370 10420 Basic Contract Development § Planning 290
10240 10280 Gun RFP Preparation 163
10280 10330 Industry Reply Formulation § Evaluation 345
10330 10440 Gun Prototype Fabrication § Manufacture 841
10440 10450 Gun Competitive Flyoff 134
10450 10460 Gun Competitive Flyoff Evaluation § Selec. 84
10460 10470 Final Contract Preparation § Negotiation 10
10470 11100 Preliminary Modification to Gun Design 76
11100 11120 Preproduction Gun Fabrication 153
11110 11120 Finalize Gun Design 414




Begin End Time
Event Event Description Value
11120 11130 Test § Quality Gun 213 ‘
11130 10630 --Dummy-- 0
10430 11140 Preliminary Modification to Engine Design 43
11140 11150 Finalize Engine Design 111
11150 11160 Preliminary Engine Testing 385
11160 11170 Engine Qualification Testing 163
11170 11180 Preproduction Engine Fabrication 43
11180 11190 Preproduction Engine Testing 84
11190 10630 --Dummy-- 0 !
11170 11190 Engine Qualification Testing 120
11130 12000 Continuing Gun Production § Delivery 1200
11190 12000 Continuing Engine Production § Delivery 1200
10420 10480 Preproduction Design Modifications 93
10480 10490 Finalize Major Component Design 43
10490 10500 Finalize Design 43
10520 10530 Prepare Final Assembly Plans § Jigs 216
10510 10570 Assemble Major Components 40
10500 10520 Prepare Structural Drawings 302 \
10490 10510 Manufacture § Deliver Forgings 173
10420 10540 Tool Planning Design § Manufacture 182
10540 10550 Tool Release § Set-Up 42
10550 10560 Develop Manufacturing Details 42
10560 10570 Manufacture Components 174
10570 10530 Assemble Substructure 302
10530 10580 Final Assembly A/C #1 42 !
10580 10590 Ground Testing 84 i
10590 10600 Preparation for First Flight 20 !
10600 10610 Preproduction Aircraft Construction 423 ;
10600 10620 1Initial Aircraft Testing § Delivery 76
10620 10630 DTGE of Preproduction Aircraft 1023
10610 10630 Delivery § Test of Last Preproduction A/C 666
11270 11280 FOT&E 324
11280 11300 1Initial Operational Cadre Training § Qual 315
11300 12000 --Dummy-- 0
' 10610 11290 Manufacture Production A/C #1 13
11290 11270 IOT§E 214
11290 11310 Equip Test § Training Units 770
11310 11300 Final Preparation § Coordination 232
11290 11310 Continuing Aircraft Production 860
10420 10770 Prepare Vendor Specifications 11
10770 10790 Vendor Reply § Evaluation 50
10770 10780 --Dummy-- 0
10780 10800 Prepare Vendor Contract 70
10790 10800 Final Contract Negotiations 10
10790 10810 Prepare Installation Drawings 543
10810 10530 --Dummy-- 0
10810 10820 Manufacture § Test Components 106
10820 10630 --Dummy-- 0
10800 10830 Manufacture § Test Components 576
10830 10580 Install Components 85
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Begin End Time
Event Event Description Value
10420 10920 Contract Monitoring § Planning 401
10920 10930 Contract Monitoring § Planning 125
10930 10940 Contract Monitoring § Planning 43
10940 10950 Contract Monitoring § Planning 236
10950 10600 Contract Monitoring § Planning 42
10420 10960 Specification Updating 85
10960 10970 Determine Gun Interference Data 105
10970 10980 Armor Analysis 196
10980 10990 Vulnerable Area Analysis 521
10990 11000 Determine Final Gun Interference Data 302
11000 10630 --Dummy-- 0
10420 11010 Prepare Training Plans 43
11010 11020 Prelim Design of Formal Maintenance 130
Training System
11020 11030 Final MTS Design 220
11030 11040 Finalize MTS Design Details 170
11040 11050 MTS Planning § Design Review 105
11050 11060 MTS Fabrication 501
11060 11070 MTS Final Detailing § Delivery 43
11070 10630 --Dummy-- 0
10420 10910 1Initial Cost Verification 540
10910 11200 Review Preliminary FSD Data 141
11200 11210 Ratification of DSARC Recommendations 31
11210 11220 Authorize Long Lead Order 132
10910 11220 Prepare Long Lead Order #1 304
11220 11230 Prepare Long Lead Order #2 373
11230 11240 Program Cost Verification 34
11240 11215 Review of FSD Data 231
11215 11270 Ratification of DSARC Recommendations 20
11240 11250 Review of Test Data 85
11250 11260 Review of FSD Data 42
11260 11215 Preparation for DSARC Review 80
10420 10840 Determine Preliminary Design Loads 86
10840 10850 Determine Final Design Loads 351
10850 10860 Vibration § Acoustics Analysis 344
10860 10630 --Dummy-- 0
10840 10480 --Dummy-- 0
10850 10520 --Dummy-- 0
10420 10870 Gun Location Determination 182
10870 10880 Prepare Gun Installation Drawing 432
10880 10590 Gun Groundchecks 216
10420 10890 Prepare Avionics Orders 202
10890 10900 Avionics Integration § Testing 651
10900 10600 --Dummy-- 0
10890 11080 Negotiate Order 21
11080 11090 Manufacture § Deliver Avionics 391
11090 10580 Install Avionics 131
10420 10670 Conduct Static Article Tests 1181
10670 10630 --Dummy-- 0
10420 10750 Miscellaneous Test Planning 20
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Begin End Time
Event Event Description Value
10750 10760 Conduct Miscellaneous Tests 1590
10760 10630 --Dummy-- 0
10420 10640 Wind Tunnel Drag Tests 10§
10640 10650 Store Separation Tests 216
10650 10660 Flutter Tests 240
10660 10600 --Dummy-- 0
10420 10680 Fatigue Article Test Planning 261
10680 10690 Fatigue Article Fabrication § Assembly 606
10690 10700 Fatigue Testing 344
10700 10710 Continue Fatigue Testing 216
10710 10720 Continue Fatigue Testing 261
10720 10630 --Dummy-- 0
10420 10725 Egress Test Design Modifications 60
10725 10730 Egress Structural Tests 256
10730 10740 Egress Track Tests 214
10740 10600 --Dummy-- 0
10630 11280 --Dummy-- 0
11220 11290 --Dummy-- 0

Event Input Data

Event
Number Description

10000 Dummy Network Start

10180 Source Selection Authority Reorients to Competitive
Prototyping Strategy

10190 Revised Draft DCP Prepared

10200 DSARC Review Complete

10210 Final DCP 23A Completed

10220 DCP 23A Approved by Deputy SECDEF

10230 PMD Issued

10240 A-X SPO Fully Established

10250 RFP Issued to Industry !

10260 Response to RFP Received i

10270 Source Selection Advisory Committee Recommendations !
Briefed to Source Selection Authority

10280 RFP for Gun Issued to Industry

10290 DSARC I

10300 Contractors Selected for Competitive Prototype

10310 Authorization to Award Contract

10320 Prototypes Designated A-9 § A-10

10330 Gun Prototyping Contractors Selected

10340 A-9 Engine Contract Negotiated

10350 A-10 First Flight

10360 A-9 First Fliggt .

10370 Proposal Instruction for FSD Released .

e oo
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Event
Number

Description

10380
10390
10400
10410
10420
10430
10440
10450
10460
10470
10480
10490
10500
10510
10520
10530
10540
10550
10560
10570
10580
10590
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
10700
10710
10720
10730
10725
10740
10750
10760
10770
10780
10790
10800
10810
10820
10830

. 10840

10850
10860
10870

Start Air Force Flyoff

Flyoff Completed

DSARC II

A-10 Selected for FSD

Contract Award to Fairchild Republic Company for FSD
Engine Contract Award to General Electric
Gun Competitive Shootoff Begins

Gun Competitive Shootoff Ends

General Electric Selected for Gun FSD
Contract Award to GE for Gun

Design Layouts Complete

Major Forging Release

Design Freeze

Receive Forgings

Release Structural Drawings

Structural Assembly Manufacture

Tool Planning, Design § Manufacture Complete
Release Tools

Manufacturing Details Complete
Structural Assembly Complete

Final Assembly A/C #1 Complete

Ground Test Complete

First Flight A/C #1 (Preproduction)
Deliver A/C #10 (Preproduction)

Start DT&E Testing

Complete DTGE Testing

Complete Wind Tunnel Tests

Store Separation Tests Complete
Complete Flutter Tests

Static Article Tests Complete

Fatigue Article Test Planning Complete
Final Assembly Complete

One Lifetime Fatigue Testing Complete
Two Lifetimes Fatigue Testing Complete
Four Lifetimes Fatigue Testing Complete
Egress Structural Tests Complete

Egress Tests Design Modifications Complete
Egress Track Tests Complete
Miscellaneous Test Planning Complete
Miscellaneous Tests Complete

Release Vendor Specifications

Issue RFQ

Select Vendor

Issue Purchase Order

Release Installation Drawings
Qualification Tests Complete

Receive Components

Preliminary Design Loads § Criteria Set
Final Design Loads § Criteria Set
Vibration § Acoustic Analysis Complete
Gun Location Freeze

92




Event

Number Description

10880 Gun Installation Drawing Complete
10890 Avionics Long Lead Orders Released
10900 Avionics Integration § Testing Complete
10910 Design to Cost Demo Complete

10920 PDR

10930 PRR

10940 CDR

10950 Safety Inspection

10960 Specification Update

10970 Preliminary Gun Interference Data Complete
10980 Armor Analysis Complete

10990 Vulnerable Area Analysis

11000 Final Gun Interference Specifications
11010 Training Plans Complete

11020 Formal MTS Design

11030  MTS Design Freeze

11040 MTS PDR

11050 MTS CDR

11060 MTS PCA/FCA

11070 Delivery of MTS

11080 CFAE Ordered

11090 CFAE Received

11100 Gun PDR

11110 Receive Phase I Gun

11120 Gun CDR

11130 Gun Qualification Tests Complete

11140 Engine Hardware Design Complete

11150 Engine CDR

11160 AEDC Engine Exploratory Tests Complete
11170  AEDC Qualification Tests Complete
11180 Receive Engine #1

11190 MQT Approval

11200 DSARC IIIA

11210 Authorization for Initial Production
11215 DSARC IIIB

11220 Long Lead Items Option 1 Funding Point
11230 Long Lead Items Option 2 Funding Point
11240 Design to Cost Demonstration

11250 FCA

11260 PCA

11270 FOTSE Program Start

11280 FOT&E Program End (Phase I)

11290 First Production A/C Delivery

11300 Operational Unit IOC

11310  SATAF Activated

12000 Dummy Network End
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Activities Input Data

Note: Times are given in weeks and days format.

Begin End Opt. Most Pess.

Event Event Description Time Likely Time

10420 100 Facility Requirements Re- 213 255 300
port Generation

3500 11300 --Dummy-- 0 0 0

11310 2900 SATAF Review § Action to 643 771 855
Meet IOC

10500 6000 --Dummy-- 0 0 0

(10410 10420 FSD Contract Preparation 1 171 255)

§ Negotiation
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This appendix is composed of three parts. The first
part is the update history, which lists each activity and
event used in the network processing, as well as other data
associated with an event or activity and used in the network
processing. The column heading format for this part is as
follows:

UPDATE CODE - indicates whether entry represents an
addition, replacement, deletion or unchanged record. All
update codes in this report are labeled A.

PRED - event which signals the start of an activity,

SUCC - event which indicates the completion of an
activity (for an event it is the same number as in PREP).

DESCRIPTION - the activity or event description.

ACCOUNT - not used in this report.

ORG - organization code associated with an activity.

MILESTONE CODE - not used in this report.

ABRS DATE - the actual, scheduled, or required
beginning or completion date assigned to an activity.

TIME - the activity time assigned to an activity,
expressed in tenths of weeks.

VARIANCE - the computer program has mislabeled this
column., The standard duration for an activity (ote) as cal-
culated from its three time estimates (in weeks and tenths

of weeks) is calculated and displayed.
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The second part of this appendix is the activity re-
port. The activity report displays all the requisite dates
and time durations for each activity in the network, as cal-
culated from the input data. The column heading format for
this report is as follows:

PRED. EVENT - event which signals the start of the
activity.

SUCC. EVENT - event which indicates the completion
of an activity.

ACTIVITY DESCRIPTION - self-explanatory.

PROB. - probability of meeting the scheduled date,
or if no scheduled date is specified, of meeting the allowed
date,

ACTIV. TIME - calculated expected elapsed time (te)
when three time estimates are given, or the single time
estimate given.

EXPECTED DATE - earliest expected date (TE) for com-
pletion of the activity.

ALLOWABLE DATE - latest allowable date (TL) for com-
pleticn of the activity,

DATE COMP/SCHED - if the activity has been completed,
the actual completion date (TA) is shown preceded by the
letter A. If a required completion date has been specified,
that date (TR) is shown preceded by the letter R.

SLACK - slack for the activity (TL - TE)

TIME REMAINING - time from the report date until ex-

pected completion date (TE) of the activity.
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ORG - identification of the organization responsible
for this activity.

The third part of this report is the milestone report.
This report displays all the requisite dates and time dura-
tions for each event in the network, as calculated from the

input data. The column heading format for this report is as

follows:

EVENT NO. - event number

EVENT DESCRIPTION - self-explanatory

MILESTONE CODE - first 3 digits of the milestone report
flag.

EXPECTED DATE - earliest expected date (TE) for the
completion of the successor event of an activity.

LATEST ALLOWABLE DATE - latest allowable date (TL)
for the completion of the event.

SCHEDULED DATE - scheduled or required date of com-
pletion of the event, preceded by an S or R respectively.

ACTUAL DATE - actual date of completion of the event
(Ty)-

SLACK - slack for the event (TL - TE)
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This appendix is composed of three parts. The first
part is the update history, which lists each activity and
event used in the network processing, as well as other data
associated with an event or activity and used in the network
processing. The column heading format for this part is as
follows:

UPDATE CODE - indicates whether entry represents an
addition, replacement, deletion or unchanged record. All
update codes in this report are labeled A.

PRED - event which signals the start of an activity.

SUCC - event which indicates the completion of an
activity (for an event it is the same number as in PREP).

DESCRIPTION - the activity or event description.

ACCOUNT - not used in this report.

ORG - organization code associated with an activity.

MILESTONE CODE - not used in this report.

ABRS DATE - the actual, scheduled, or required
beginning or completion date assigned to an activity.

TIME - the activity time assigned to an activity,
expressed in tenths of weeks.

VARIANCE - the computer program has mislabeled this
column. The standard duration for an activity (Ote) as cal-
culated from its three time estimates (in weeks and tenths

of weeks) is calculated and displayed.
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The second part of this appendix is the activity re-
port. The activity report displays all the requisite dates
and time durations for each activity in the network, as cal-
culated from the input data. The column heading format for
this report is as follows:

PRED. EVENT - event which signals the start of the
activity.

SUCC. EVENT - event which indicates the completion
of an activity.

ACTIVITY DESCRIPTION - self-explanatory.

PROB. - probability of meeting the scheduled date,
or if no scheduled date is specified, of meeting the allowed
date,

ACTIV, TIME - calculated expected elapsed time (te)
when three time estimates are given, or the single time
estimate given.

EXPECTED DATE - earliest expected date (TE) for com-
pletion of the activity.

ALLOWABLE DATE - latest allowable date (TL) for com-
pletion of the activity.

DATE COMP/SCHED - if the activity has been completed,
the actual completion date (TA) is shown preceded by the
letter A. If a required completion date has been specified,
that date (TR) is shown preceded by the letter R.

SLACK - slack for the activity (TL - TE)

TIME REMAINING - time from the report date until ex-

pected completion date (TE) of the activity.
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ORG - identification of the organization responsible
for this activity.

The third part of this report is the milestone report.
This report displays all the requisite dates and time dura-
tions for each event in the network, as calculated from the
input data. The column héading format for this report is as
follows:

EVENT NO. - event number

EVENT DESCRIPTION - self-explanatory

MILESTONE CODE - first 3 digits of the milestone report
flag.

EXPECTED DATE - earliest expected date (TE) for the
completion of the successor event of an activity.

LATEST ALLOWABLE DATE - latest allowable date (TL)
for the completic1 of the event.

SCHEDULED DATE - scheduled or required date of com-
pletion of the event, preceded by an S or R respectively.

ACTUAL DATE - actual date of completion of the event
(T

SLACK - slack for the event (TL - TE)
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This appendix is composed of three parts. The first
part is the update history, which lists each activity and
event used in the network processing, as well as other data
associated with an event or activity and used in the network
processing. The column heading format for this part is as
follows: '

UPDATE CODE - indicates whether entry represents an
addition, replacement, deletion or unchanged record. All
update codes in this report are labeled A.

PRED - event which signals the start of an activity.

SUCC - event which indicates the completion of an
activity (for an event it is the same number as in PREP).

DESCRIPTION - the activity or event description.

ACCOUNT - not used in this report.

ORG - organization code assocciated with an activity.

MILESTONE CODE - not used in this report.

ABRS DATE - the actual, scheduled, or required
beginning or completion date assigned to an activity.

TIME - the activity time assigned to an activity,
expressed in tenths of weeks.

VARIANCE - the computer program has mislabeled this
column. The standard duration for an activity (ote) as cal-
culated from its three time estimates (in weeks and tenths

of weeks) is calculated and displayed.
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The second part of this appendix is the activity re-
port. The activity report displays all the requisite dates
and time durations for each activity in the network, as cal-
culated from the input data. The column heading format for
this report is as follows:

PRED. EVENT - event which signals the start of the
activity.

SUCC. EVENT - event which indicates the completion
of an activity.

ACTIVITY DESCRIPTION - self-explanatory.

PROB. - probability of meeting the scheduled date,
or if no scheduled date is specified, of meeting the allowed
date.

ACTIV. TIME - calculated expected elapsed time (te)
when three time estimates are given, or the single time
estimate given.

EXPECTED DATE - earliest expected date (TE) for com-
pletion of the activity.

ALLOWABLE DATE - latest allowable date (TL) for com-
pletion of the activity.

DATE COMP/SCHED - if the activity has been completed,
the actual completion date (TA) is shown preceded by the
letter A. If a required completion date has been specified,
that date (TR) is shown preceded by the letter R.

SLACK - slack for the activity (TL - TE)

TIME REMAINING - time from the report date until ex-

pected completion date (TE) of the activity,
134




ORG - identification of the organization responsible

for this activity.

The third part of this report is the milestone report.
This report displays all the requisite dates and time dura-
tions for each event in the network, as calculated from the
input dJata. The column heading format for this report is as
follows:

EVENT NO. - event number

EVENT DESCRIPTION - self-explanatory

MILESTONE CODE - first 3 digits of the milestone report
flag.

EXPECTED DATE - earliest expected date (TE) for the
completion of the successor event of an activity,

LATEST ALLOWABLE DATE - latest allowable date (TL)
for the completion of the event.

SCHEDULED DATE - scheduled or required date of com-
pletion of the event, preceded by an S or R respectively.

ACTUAL DATE - actual date of completion of the event
(T

A

SLACK - slack for the event (TL - TE)
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